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PREFACE 



ZJAVING treated tff the world in its full extent 

under the iiile of AJlromnrf^ we come now to 

that Jingle part of it called the Earth, which is our 

dejlin^d habitation. This terreftrial globe on which 

we are feated; tho* it feems large to us that live upon 

it J yet when compared to the magnitude of the hea- 

venSy is only like a point in it^ being in a manner loft 

in that vaft fabric* But fmall as it is^ it is of the 

greateft confequence to us^ for here we live and movt 

and have our beings here our whole bufinefs and tranf 

anions are performed^ here we mufi abidcy and can-- 

not remove into another planety nor have any commU" 

nication therewith^ nor with the inhabitants thereof^ 

if any fuch there be ; nor can we tell what they are 

doings no more than they know what we are about. 

All we can do is Jo remove from one place to another 

upon this little ball^ and pafs from one region to anO' 

therj and-by this means we get acquaintance with our 

fellow-creatures on different parts of the globe^ with 

whom we can converfe^ carry on a trade^ or tranfaS 

any bufinejsj by which we make afhift to get a living. 

Andftnce we are confined to thisglobe^ and are obliged 

to have various trartfaSions with others^ both at home 

and abroad*^ therefore Geography (which is the 

knowledge and defcription of the earth) becomes a ne^ 

ceffary branch of knowledge to us. For without ity 

wejhould be ignorant of the fttuation of the Jeveral 

countries^ with which we traffick^ bow they lye from 

one another^ and the way thither. 

A % Geogra- 
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PREFACE. 

Geography teaches us the Jituation of all countries 

and kingdoms^ and the limits thereof^ how they are 
hounded by fea and landj and ly one another *, int0 
what provinces and diftriSls they are divided ; tbeji^ 
tuation^ latitude and longitude^ of all cities and towns 
therein ; what woodsyforelts^ mountains^ lakes, river s^ 
wines, SS. each contains ', what commodities it af- 
fords -, what matters of wonder, curiofity, or anti- 
quity \ what buildings, cajiles, towers are therein '^ 
what forts and havens ; what rockS, fands, fhoals, 
and ftcch places of danger there are ; and the manners 
and employment of the people. This art teaches us to 
draw maps, or reprefentationsof the fever al countries 
of the earth, which gives a true idea of their fit ua- 
fion, and magnitudes, by expofing them all to our 
fight. And the fe geographical maps are of very great ufe 
to travellers, as well as to failors \ for by help of thefe 
they find the near eft way from one place to another. 

Without the knowledge of Geography, Hiftory is 
very imperfeSi ; for we can have but a very fiend er no- 
tion of any tranfaSlion, when we are ignorant of the 
place it was tranfaSied in. Without it we cannot tell 
how the moft memorable entefprizes of the world have 
been carried on and executed. Without it we are igno" 
rant of the rife, growth, flourifiing, and fall of the fe- 
ver al great monarchies in the world, which fix a begin- 
ning to all Hiftory. Without it we cannot judge of 
the government, commodities, riches, and number of 
people in other nations ; nor judge of theftrength of 
our enemies ; nor underftand the limits between one king- 
dom and another -, nor diftinguifh between the names of 
places and the names of people. But by the help of 
Geography we can eafily know all thefe things, and 
much more ; without expofing our bodies to long tedious 
travels and voyages. 

How prejudicial the ignorance of Geography has been 
to Princes in foreign expeditions againft their enemies y 
hiftory gives many inftances of their ill fuccefs. And 
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PREFACE. iii 

thefe miscarriages have been principally owing to their ' 
ignorance of the country they were going to invade. 
Whei^ cmy f erf on goes uponfucb an expedition^ be ought 
to have a map of the country^ with all the feveral 
paffages in it from one place to Ohother^ the mountains^ 
woods ^ river Sy marfhes\ and what rocks orfands lie 
near it. From which may be found where the fafefi 
place for landing isj where one may avoid this rod or 
Shatfandj where fuch a river may be paft^ and which 
is the moji commodious place for giving his enemy bat^ 
ile^ and what advantages and difadvantages there is 
in bisjituation. 

And as thisfcience is fo beneficial and ufeful^ it is no 
lefs pleafant and delightful It at once pleafes the eye 
and infiruSs the mind. It gives fuch a vafi variety 
cf objeSs to contemplate^ that we arejlruck with ad^ 
miration^ with thefe beautiful fcenes of nature^ which 
this earth of ours affords. Princes have not thought 
it below them to make it their fiudy^ but to the great 
danger of their perfons^ have travelled into foreign 
countries to make difcoveries. And at great expmce 
have fen t philofophers and mathematicians to remote 
places to make proper obfervations \ as upon thejitua-' 
tion of places^ the phenomena of the celejiial bodies^ 
and fuch like-j by which this art has been very much 
improved. 

Tet this art at prefent is far from being at perfeStionl 
For there areveryfewplaceswhofe latitude and longitude 
are truly determined. And there areftill many countries 
which remain undifcovered, and mu/i wait for the induf^ 
try of future ages to find out. There are likewife many 
continents of great extent y of which we know little 
more than the fea coafts. And even in places which 
we know J and daily travel over^ there are many towns 
whofe Jituation is very uncertain. This appears from . 
the dif agreement of the feveral geographical map made 
of the fame country. Tet this art is daily improving ;. 
. . A3 for 
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for hng voyages have made many new difcneries\ and 
fucceeding times wHlJiill add more^ and will increafi 
our knowledge^ andjhew us the errors of former ages. 
^he ancients thought the torrid zone uninbabitabk^ as 
well as the polar regions \ and that there was no fucb 
thing <?j antipodes, or people Jianding contrary waj/s 
on oppoftte fides of the earth \ for indeed they thought 
the earth flat. But later experience has taught us 
better. Andfo will the experience of future ages de- 
te£l our ignorance in many things. 

I took notice that the earth compared to the heavens 

is no more than a point -, the leaji ftar we can fee^ far 

exceeds it in magnitude. And yet this earthy fmallas 

it iSy is that which with fire and fword is divided a* 

nfong fo many nations ; who are always contending^ and 

never can agrecy about their fhares in it. And yet this 

is not fo much owing to the fmallnefs of it^ as to the 

infatiable dejires of men^ after too large afhare of it \ 

and their unquenchable tbirfi and luft after riches. 

For the earth produces enough for all its inhabitants^ 

if people had but as much humanity as to fuffer their 

fellow creatures to enjoy a reafonable fhare along with 

them. Inftead of thatj men are in perpetual war and 

firife who floall get the mofij till old Time overtakes 

ihem^ when all on afudden they drop into the bofom of 

our common mother the earth ; and then the greatefi 

monarch is no richer than the poorcft beggar. 

. Navigation is an art as ufeful and beneficial as 

Geography y and like twofifters^ they go hand in hand^ 

and one is ever affifting to the other. By this art men 

can pafs from one country to another^ or from one port 

to another with great eafe and difpatch. By this all 

trade is carried on^ and goods exported and imported at 

ifleafurCy to or from difiant places as occafion requires. 

It is a mofi ufeful art upon many account s^ for by this 

we can not only increafe our knowledge by travelling to 

foreign parts, but our riches alfo. by merchandizing. 

And therefore ii is neceffary to be known for the fake 

of 
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tf trade. But nee^ty m^ he uHierfiood tv)9 ^ays^ . 
either for abfolute need, without iufbich a thing can'' 
mt he\ or merely for 'H conreniency, without which 
a thing cannot well he. Now it is certain that mafty 
places arefo poor^ as not to be able to maintain a po^ 
pikus nation^ witkoHt the help of foreign trade^ at 
this time when the world is grown fo full of people. 
In this cafe there is an abfolute neceffity for Navigation^ 
to carry on the hfinefs of merchandizing^ without 
which the inhabitants could not live. 

Tradings which is neceffary to fome^ is certainly very 
beneficial to all Nations j as is evident for many rea* 
fofis. For^ I. By this means one nation may traji: Ik 
v^ith another J by exporting fuch goods as they have in 
too great abundance^ and importing others that they 
want. For fome commodities are fo plentiful in fome 
countries, that they are a mere drug ; whilfi others 
have little or nothing of the fort. Therefore tranfporting 
them to tbefe deficient places^ is a great advantage. 
a. Goods cannot be cowled from one place to another^ 
fo eqfily^ mr fo cheapo mr fofoou^ nor in fuch quanti- 
tiesy by any methods^ as by pipping. 3. By means of 
Navigatian^ arts and fiiences are promoted ofid im- 
proved^ and conveyed to dijiant places. And for this 
reafon^ many famous Philofophers have p(^ed thefcas 
and travelled far ^ to, converfe with men of learnings 
for the improvement of arts. And hence the principal 
difcoveries in Geography are much owing to Naviga^ 
tion. 4. Likewife mben a nation is overburthened with 
inhabitants^ colonies may by this means be tfanfported 
to difiant countries not fo populous. And thus many 
idlers art frequently carried to Virginia and other places. • 
5# Navigation is of great ufe for the defence of a na^ 
tion againft foreign enemies^ where a fight at fea does 
not a quarter of the damage as at land. To which 
we may add thefleafure of converfing with foreigners^ 
and holding fociety with men of learnings as well as 
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of mutual commerce with them \ forfociety is natural 
to mankind. 

Navigation has alfo been highly encouraged by many 
princes and Hates ; and great honours have alfo been 
paid to it* And for the encouragement of foreign trade^ 
fociefies have been formed in feveral nations^ and en^ 
dowed with ample privileges^ by which many terfons 
have become immenfeiy rich. 

It is time now to givefome account of what is con* 
tained in this TraSi. The firjl feSlion treats of the figure ' 
of the earthy both as a fpbere and fpheroid \ of feveral 
properties of the fea ; of the origin of fprings and ri^ 
vers'y of finding the dijiances of places \ of making mapsi 
afhort account of the feveral kingdoms of the world \ 
and a table of the latitude and longitude of places. Hen 
the longitude is reckoned from the ifland of Ferra, ac- 
cording to the antient geographer s^ which is about the 
fame longitude as the wejiermoft part of the continent 
of Africa, and therefore is a very proper and fit 
place for the beginning of longitude. And was foolifbly 
altered by later Geographers^ by which they have con- 
fufed all reckonings, 

The fecond feSion contains the ufe of the terreftrial 
globe in folving problems of the fphere. The practice 
of this is very eafy and delightful. 

The third feSion is Navigation^ andfhews theprin* 
ciples both offpberical and fpberoidical failing. And 
as fpberoidal failing has madefo much noife in the worlds 
I have given the folution of all the common cafes in 
numbers by my method. 

This Treatife is moftly mathematical^ the JriHorical 
account of kingdoms^ (^c. not being my dejign. 

Of all the books of Navigation that have come into 
my hands^ I have met with few or none^ that give a 
true notion of departure^ the mofi of them confounding it 
with meridional dijiance. And fome of them tell us 
that it is quite ufelefs in navigation \ and yet at the' 
fame time^ they cannot find the longitude without it^ 

or 
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eYfometbing equivalent to itj hut not fofimpU as it^ 
and therefore ufe it for that purpofe. For this reafon 
I have madefome remarks in the SchoL of Prop. 'I. 
Sea AW. ' 

As to fpheroidaJ failing J I have given my thoughts of 
it in my look of Navigation^ and have fhewn that in a 
dafs run^ the difference between that andthefphere is 
quite infenfihle. And afhip muft reckon her way jsvery 
day^ and fo day after day^ thro^ the whole voyage. 
Ard when an obfervation is hady this J weeps away all 
irregularities from every caufe^ andfets all rights as 
far as there is apojjibility to do it', andfurely an ob^ 
fervation is the only thing to be depended on in a reckon^- 
ingy and ought never to be negleSed. And therefore as 
no apparent advantage is got by this way of failings 
I fet it afidcy and kept to tbejimpte and eafy way by 
the fphere. For who will think it worth their while 
to fpend a deal of fuperfiuous time and labour ^ to oh^ 
tain a degree of accuracy ^ which can never be wanted f 
No body will, but fucb as are fond of novelties^ 
(ttfd therefore they prefer fuch things^ becaufe they are 
new, tho* they have no advantage above other methods^ 
but a manifefi difadvantage, of embarr offing the caU 
culation, and making more work for the failor j for 
which I believe, he will never, thank them. 

But alt ho* this method is really of little ufe in Na* 
vigation, yet becaufe fome people may think otberwife^ 
and may fuppofe there will refult a greater difference 
between the two methods, than there really is in prac- 
tice ; / have therefore laid down the principles of that 
method, and folved all the cafes thereby ; and if it 
ferve for nothing elfe, it will ferve for an amufement 
to fuch people as are delighted with mathematical en- 
quiries. 

Thefe cafes are all refolved according to Mauper- 

tyxi^* s figure of the earth, which is by far theflatteft 

earth that has ever been fuppofed. That of d* Juan 

' and Ulloa are not half fo ftat^ and differ very little 

from 
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from Sir J. Newton's earth. But after all the expe^ 
rimentSj that have been made to determine the figure of 
it 9 the refult is, that its figure is inconfi/hnt with that 
of an)/ fpberoid. And ^ the earth is not afpheroid^ 
thefe Virtuofi that want to be exaSy will have nem 
rules tofeek outy or elfe be forced to take up with im- 
petfeSl ones. Lafily^ if itfhould happen that the earth 
is nearly in the form that Juan has determined it ; then 
tboje that follow Maupcrtuis will be farther from the 
truths than tbofe that fuppofe it a fphere -, and we 
know nothing to the contrary n For which reafon wt 
may well content ourf elves with tbefpherical figure of 
the earth as heretofore^ in the praSice of Navigation. 
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DEFINITIONS. 

D E F. I. 

GEOGRAPHT^ is a fciencc which teaches 
the defcription of the earth and its feveral 
parts ; as it is a globe confifting of land and water. 

D E F. II. 

The axis of the earth is a line pofliqg thro* the 
center of it, upon which it is fuppoiod to turn 

round. 

D E F. III. 

The poles J arc the two extremities of the axis, 
where it cuts the furface of the evtb \ the one the 
nortby the other the f$utb pphf 

D E F. IV. 

The equtnoBial is a great circle of the earth, 90 
. degrees diftant from the two poles. This divides 
the globe into two hemifpheres, the nQrtbern and 
foutbern. 

D E F. V. 

Meridians or bour circles^ are great circles of the 
earth paffing thro' the two poles, and cutting the 
equinoftial at right angles. The firft meriaian is 
that from which the Geographers have- agreed to 
reckon from, which anciently went thro' the ifle of 
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2 DEFINiflONS. 

D E F. VL 

The horizon is a plane touching the earth at the 
place where we ftand ; which plane extended to 
the heavens, divide? the upper fiom the lower hcmif- 
phere ; ^this is callM the fenftbU horizon. And a 
plane drawn thro* the center of the earth parrallel 
to the former, and extended to the heavens, the 
great circle made thereby, is called the rational ho- 
rizon. 

D E F- VII. 

Parallels of latiikdei art fefier circles parallel to 
the equator.; of which the principal are the two 
iropi(^Sy and the two polar circles. The tropics arc 
2.34- deg. from the cquinpftial, the northern tropic 
is called the Tropic of Cancer ; the fouthern, the 
Tronic of Capricorn. The polar circles are 234- deg. 
•frOrii tfie poles. The noftbern Is called the Jlriic 
circle^ and the fouthern the Antarliic. 

D E F. VIIL 

Latitude of a .place is the diftance from the equa- 
tor to thit pkce, reckdned upon the rheridian of 
the plkce. If the place be in the north hemifpherc, 
it is north latitude ; if in the Ibuth, it isfo'uth latitude. 

b E t. IX. 

Longitude of a place j is the diftance from the firft 
meridian to the meridian of the place, and is count- 
ed on the equirioftiaL Formerty longitude was 
counted from the firft meridian eaftward, quite 
round the globe. 

D E F. X. 

Khomh^ are the divifions of the horizon, intofc- 
veral parts, which are 32 in number; thefe are 
the ie vera! points of the compafs ; all of thefe have 
particular names, exprefTed on a compafs card. 
The 4 cardinal points are eaft, weft, north and fouth. 

If 
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If you fet your face %o the north, as all geographers 
do, then the caft is on ^our right hand, the welt 
on your left ; the nortlvbefore your face, and the 
fouth behind your back. Thefe points of the com- 
pafs are equivalent to (b many azimuths. 

D E F. XL 

ji Rumb Une^ is a fpiral, drawn or fuppofed to 
b^ drawn upon the earth, which cut3 all the me- 
ridians at the fame angle, which is the proper an- 
gle oif that; rumb. This being continued never re- 
ti^rn^ into itfelf, except it happen to be caft or wcfl^ 
and then it coincides with fome paralliel circle. 

The circles here defined being extended, coincide 
with their refpedive circle? in the heavens, or the 
celcftial circles of the fame name, which have been 
defined i^ Se&. II. of the Aftronon^y. And thi« 
ther 1 refer the reader for the definition of the reft 
of the circles, which more properly belong to Af- 
trpnomy. We muft nqxt add fome things in regard 
to the inhabitants of the earth. 

D E F. XII. 

A paralkl fpbere^ is that polition the earth has, 
when the horizon coincides wiith the equator. Here 
the poles are in the zenith and nadir -, and the in- 
habitants of this fphere live juft at the poles. 

D E F. xin. 

A right fphere^ i$ that pofijion of the earthy 
where the equinoftial p^flfes thro' the zenith, and 
the poles ai:e in the hori:(oo i^ and the inhabitants 
here livie juft ^t the equ^tQi:. 

D E F. XIV. 

An ohliqtie fphere^ is that pofition of the earthy 
where the equator and horizon make an oblique 
angle. Here one of the poles is elevated above 
the horifonj, and the other deprefled belo-w it. The 

R z inha-r 
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inhabitants here live any way between the poles and 
the equator. There is alfo a divifion of the earth 
according to the fituations of different inhabitants ; 

D E F. XV. 

4nUci^ are thofe that live under the fame femi- 
nieri4ian, and on different fides of the equinodial, 
and equally diftant from it. Therefore their longi-. 
tudes are the fame, and the latitudes equal but con- 
trary. Noon and midnight, and ajl the hours of 
day and night, are the fame to both. The length 
of the days tp one is always equal to the length of 
the nights to the other. The feafons of the year arc 
contrary, being fummer in one, when 'tis winter to 
the other. They have the fame feafons, the fame 
heat in fummer, the fame cold in winter, the fame 
length to days and nights ; but all at different timers 
pf the year. 

D E. F. XVI. 

PerUciy are thofe people t]iat live in the oppofite 
points of the fame parallel. And therefore when it 
IS noon to one, it- is midnight to the other. They 
have the fame feafons, the fame temper of the air, 
(he fame fummer, the fame winter, (he fame length 
pf days a^id i^ights, all at the fame time. 

PER xvir. 

The Antipodes^ are thofe inhabitants ths^t live in 
places of this earth diametrically oppofite. Here 
both their latitudes and longitiides are contrary ; 
confequcntly when 'tis noon to one, 'tis midnight 
to the other •, when one has the longeft day the 
other has the longeft night, "and when one has the 
fhortcft day the other has the fhorteft night. The 
feafons of the year are all contrary in both. They 
have the fame feafons, the fame length of days and 
flights* ^yt s|t (different times. \yh?n they ftand. 
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their feet are towards one another^ and their heads 
oppofite* The inhabitants are alfo cbniidered in 
regard to their fhadOws ; as, 

D E F. XVIII. 

Ampbifcii or Ampbifcidtis^ are thofe people that 
caft their fliadows both north land fouth, at different 
times of the year. Thefe people live any way be* 
tween the tropics. When the fun is in their zenith, 
they are called Afcii. At that time the Afcians 
call: no Ihadow at alL 

D E F. XI3t. 

t^Psfpfciiy are thofe inhabitants that Catt their 
Ihadows all one way, either^north or fouth. The 
Heterofcians live between the tropics and the polar 
circles* 

D E F. XX. 

PerifciU are thofe people ^hofe Ihadows turn 
round about them. The Fefifcians live within the 
arftic or antardtic circle, where their fliadows lii 
one day are direded to all ^ints of th^ compafs^ 

D fi R XXL 

A Ztm is a portion of the earth^s Surface tontained 
.between two parallel circles, or at leaft within one 
paralkL Thus the whole fpace contained between 
the two tropics, is called the Torrid zme. The fpace 
between the tropic and polar circle^ either north or 
fouth, is the Temperate zom^ thefe are two. The 
fpace contained within the polaf circle is the froEen 
or frigid, thefe arc alfo two. 

The ancients thought the torrid zone not ha- 
bitable,' by reafon of the great heat of the fun, but 
experience has (hewn the contrary. For the heat 
there is much ^iminiflied on account of fca breezes, 
long nights, frequent tains, &c. In the middle of 
this zone, is the Qquino£iial circle % and thofe that 
live there have perpetually their days and nights 

B 3 equal. 
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equal. But here the twilight is very fhort, being 
little more than an hour. As the fun ^oes twice in 
the year over their heads in this zone, it caufes two 
fummers and two winters every year, ^hich does 
not happen in the other zones* 

The frozen zones are fo cold, that the ancients 
did not think them habitable ; and indeed thefe pla- 
ces muft be exceflivc cold in die winter, where they 
want the fun for dlmott half a year. But then to 
make amends, he days with them almoft half a 
year in fummen And this ib warms and nouriQies 
the earth, that it is able to refifl: the cold the mod 
part of winter. So that we find that even die cold* 
eft of thefe places are inhabited. 

D E R XXII. 

^be Qimates^ are certain parts of the earth's fur- 
face^ contained between parallels of ladtude, in fuch 
manner, that at every fucceeding parallel, reckon- 
ing from the equinoftial, the longeft day Ihall in- 
creafe half an hour. Whence from the equator to 
the polar circle there will be 24 of thefe climates. 
And later geographers have added 6 niore, where 
the longcft day is fuppofed to encreafe by a month 
at each climate. So that now there are 30, or in 
all 60, confidering the whole globe of the earth. 
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A Table of Climates, (hewing in what Latitude 

each ends. 



chm. 


r lac. 


ion. day 


• 


ChlB* 


- lat. 1 


Jon, day 


t 


8 


25 


12th. 


1 


i3 


59 


58 


i8th 


2 


i6 


25 


13 




H 


61 


18 


19 


3 


23 


50 


i3t 




15 


62 


25 


»9t 


4 
5 


^0 


20 


14 




16 


63 


22 


20 


36 


28 


Ht 




»7 


.64 


6 


20t 


6 


41 


2? 


»5 




18 


?4 


49 


21 


7 


45 


29 


i5t 




19 


65 


21 


2lt 


8 
9 


49 


I 


16 




20 
•2r 


65 


47 


22 


51- 


5» 


i6t 


66 


6 


224- 


lO 


54 


27 


>7 




• 22 


66 


20 


23 


II 


5^ 


37 
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23 


66 


28 


23t 


12 


58 


29 


18 




..H 


66 


3» 


24 




m^p 


• 

!d tp.the Pole. 


dim. 
25 


lai 




Ion. day 




dim. 
-28 


iac. 


loo. day 


67 


21 


I mon. 


78 


30 


4 mon 


.26. 


69 


48 


2 




29 


84 


5 


5 


-*7 


73 


37 


3 


i 


?o.| 


90 





6 



It is evident, this divifion into climates is very 
jrrcmjlar, for near the polar circle, they are lb 
imail, that they a¥e hardly diftinguiihable. It 
had been better to have divided thtrm at the dif- 
tapcc of eyfjry 5 degrees quite to the pole. How- 
ever the climates as here fct out, ferve to ftiew 
yhat Jep^th the longeft day is of, by having the 
clioiate ^iyeh 5 and that is by taking half the num- 
ber 6f climates, " and adding that to 1 2. Or know- 
ing the length of the longeft day, the climate may 
b'e found, by fubtradting 12 from it, and doub- 
ling the remainder. 
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4 

An Explanatm of Terms. 

Bay, a fmall part of the (ea, encompafled with 
the land, having only a narrow paflage into it. 

Bed of a river J is the hollow or channel hi which 
the water nms. 

Borough, a fmall corporate town. 

Brooke Bourn, or Beck, 3, narrow current of wa- 
ter, that runs continually. 

Canal, a dee{> ftream or current of water, inclo- 
ted on both fides by banks either natural or artifi- 
cial. 

Cape, or bend land, a high part of the land 
ftanding by *the Tea fide. 

Cafcade, a fall of water in a river, which may 
be either natural or ^rtificiaL 

CataraSf, a high fall of water in a large river^ 
that makes a greiat^oife, fo as to be heard feveral 
miles. 

Champion country^ a fiat open country of great 
extent. 

Channel, a ftrelgtit or narrow place of the fea^ 
leading^ from one part df the fea to another. 

Chorography, the - defcription or j^prefcntation of 
any country or kingdom. 

City, a large corporate town, with fevetal privi- 
leges. 
V Cliff, 2l high fteep rock on the fea fide. 

Continent, a large continued traft of land, con- 
tainif!^ feveral touhtries or kingdoms. 

Coaji, that part of the land which is next thefea* 

Country, a tradl of land under a king or prince. 
^his is oppofed to town or city. 

Creek, an arm of the fea running into the land^ 

Current, & rapid motion of the fea. 

Defart, a quantity of ground uninhabited. 

Downs, hills of land by the edge of the fea* 
' Ehb, the fettling of the fea after the tide. 
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FenSj places full of bogs or ftandihg waters. 

Floodj the rifing of the fea in the tide. 

Ford^ a fhallow place in a river to go Of ride 
through. 

Forefty a large extent of ground with trees in it, 
and fontetimes wild beafts. 

GvBve^ or Thicket^ a fmall place fet with trees, 
made for pleafure. 

Gulpb^ a large part of the fea running a great 
way into the land. ^ 

Hamlet J a fmall village, or fome divifion of a 
large town. 

Harbour J a place where (hips may lye at anchor 
fafcly. 

HaveUj an entrance of the fea within the land, 
at the mouth of fome river or creek, where fhips 
may lye. 

Hilly a high piece of ground. 

Hydrography^ the defcription of water, as the 
fea, rivers, Idkes, &c. 

IJlej or IJlandy a part of the earth eiicompafled 
round by the water. 

Ifthnusy a neck or narrow piece of land running 
into the fea. . 

Lake^ a great colledion of Handing water, in 
the land. 

Mapy a geometrical defcriptlon of any country 
iipon paper, &c. 

Marfljesy fee Fens. 

Monfoonsy periodical winds, which blow for a 
rertain time one way, and as long the contrary way. 

Mountain^ a very high part of the land in any 
•country. 

OceaUy that great coHeftion Of water that fur- 
rounds the whole earth. 

Pari/h^ fuch an extent of land as belongs to a 
church^ 

Parkj 
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Park^ a parcel of grpufid ^(iclofed for the l^p* 
ing of deer. 

Peninfida^ a piece of land encomp^ed by tho^ 
fea, except a narrow place or entrance into it. 

i^ond^ a iinall colledion pf (landing water in the 
tand. 

Port^ 2l place where fliips lye, or where they load 
and unload. 

Precipice^ a vejy high ^nd fteep place, as th« 
brow of a hill. 

Promontory^ a high laqid ilretching into the fea« 

R^uxy fee ebb. ' 

Re^offj a great fpace pf lai)d containbg many 
inhabitants, under fome king, &c. 

Rillj a Imall rivplet of running water. 

River J a large current of waiter, able to carqr 
fhips, &c. efpecially where it runs into the fea. 

Rivulet J a fmali river. 

Road^ a place near the co^ where (hips Qiay 
lye at anchor. 

Sea^ a part of the ocean that lyes between one 
country and another. 

Shelves^ rocks and fands lying under water. 

Sboar^ dry land next the fea^ 

Sphere artificial^ an artificial globe, with the 
countries of the earth drawn upon it. 

^P^i^S-i ^ 'ffP^ll current of frefli water rifyig out 
of the earth. 

Staple town^ is a port town wh?re merchants 
traffick. 

Strandy that part pf jthe ^paft which . t^e fca 
covers and uncovers, as it flpws ?(nd e^s. 

Streighty a narrow paiflagc between two lands, 
in going into a larger fea. 

Thicket y fee grove. 

Topography a reprefenjation of a finall particu- 
lar place ofthe earth. 

Towfiy 
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^cwtfj a coUedion of houfes near together. 

Falley^ vale dr dak^ a low or hollow place of 
the earth between feveral hills. 

Vilkzey a fmall town, whofe inhabitants have oo 
particular privileges. 

tVbiripool^ a very deep place, where the water 
turns round and draws every thing into it, and 
links ;t. 

l^ildemefs^ a large unciritiyated piece t>f ground, 
growing nothing but tifeleis (farubs and buflies. 

fFooa^ a piece of ground planted full x>f trees. 
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SECT. I. 

Of the figure afid magnitude of tie 
Earth. The ebbing and flowing and 
depth of the Sea. To find the di/^ 
tances of Places. Of Springs and 
Rivers. Of drawing Maps. Adjun&s 
and properties of the Earthy and the 
changes that have happened in it. The 
divifion of it into Kingdoms andCoun^ 
tries. A Table of the latitude and 
longitude of Places. 



PROP. I. 

^he figure of the earth as compofed of land and wa* 
ttr i$ nearly fpherical. 

THAT the earth is fpherical, or nearly fo, 
will appear from the following particulars. 
I. Feribns that are a fliip-board £iiling norths 
wards obferve the pole ftar to be' higher and high- 
er the further they go, Likewife they obferve new 
. ftars continually afcendmg above the horizon which 
were hid before, and thefe ftars continue to rife 
higher and higher the farther north they go. Like* 
^ife, fuch ftars as are fouthwards are obferved to 
grow continually lower and lower, till by degrees 
they difappear below the horizon. Likewife fuch 
ftars as were at firft vertical, move gradually to- 
wards the fouth, appearing ftill lower and lower. 

Oa 
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On the contrary, when a fhip is failing towards 
the fouth, the pole ftar is obfervcd to grow lower 
and lower -, and all ftars that are northward are 
obferved to defcend gradqally, and that in propor- 
tion to the diftance foiled. And at the fame time, 
fuch ftats as are fouthward, continually afcend ; 
and new ftars, that were hid before, are obferved 
continually to emerge above the. horizon, and to 
rife higher and higher, fo long as the fliip's courfe 
is continued towards the fouth. Now thefe phae- 
nomena, can be owing to nothing but the fpheri^ 
cal figure of the earth -, for if the earth was a plane, 
all thefe ftars would appear always of the fame, 
height. But as the earth is round, new ftars muft 
continually* come into the zenith, as the traveller 
goes north Or fouth. ; Therefore the earth is round 
from north to fouth. 

?• The feme is evident from the different longi- 
tude of;pIaces i for when any eclipfe of the moon 
happens, it is obferved fooner, by thofe that live 
caftvyard, than by thofe that live weftward. Con- 
flant experience (hews, that for every 1 5 degrees 
difference* of .longitude, an eclipfe begins fo many 
hours fooner in the eaft, or later in the weft ; whicn 
arifes from the fphcrical figure of the earth. But 
if the earth was flat, the eclipfes would happen at 
the fame time in all places ^ alfo day and night 
would alfo be at the fanie time. But as thefe things 
are contrary to experience j it is plain the earth is 
roijn4 from eaft to weft. 

3. Again, a ftiip failing in any part of the world, 
and upon any courfe -, at leaving any coaft, all high 
towers, .or high mountains, gradually difappear; 
firft the bottom part becomes invifible, then the 
middle part, and laftly the top; appearing to fink 
gradually under the horizon, till they be quite out 
of fight. The fame is true of fhips at a great dif- 
WO?? off at fca i firft their top mafts appear, and 
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Fig. at tbcjr tlrav nearer, thetr loM^r mafts and rig^ng, 
and laiUy the whole fhip. And this can be awing^ 
to nothing but the fpherical figure of the earth. 

4. In ail lunar ecUpfes^ that ever were obferved, 
and in whatever pofition the earth is at that time» 
(till the fhadow or the eaith upon the moon's dxft^ 
always as to fenfr, s^pears cireular. And therefore 
k fbUows that the earthy which is the body that 
'cafts the fhadow, muft be round on all fides ; thac 
is, it muft be fphericaL And further, fince all cal- 
culations of edtpfes, and of the planets places, are « 
made upon this fnppofition ; and all anhver to the 
^rue times ; which they do not upon any other fup 
pofition;. therefore this confirms the propofition, 
abat the earth is round. 

5* Several people have failed round the earth, 
fetcing ofi^ weftward, and continuing their courle 
weftward continually, till they arrived a^n at the 
place: they d^mrtod horn. And nothing but a 
round figure will admit of this. 

Cor. I. Hence the fea has the fame cettveifity as 
the earthy and both together make one glfike^ and 
therefore it is called the terraqueous globe. 

Cor. 2 • Jf the difference of Imgitude af two places^ 
b£ 15 degrees '9 the people in the eaft will reckon 
the time of the day fooner by an hcur^ than thofe in 
the weft. And for every 1 5 degrees dif. longitude^ 
thofe in the e^ will reckon their time fo many hours 
fooner y and thefe in the weft fa manjf hours later^ than 
Phe others. 

This is an immediate con£bquehce from the 
Ipberical figure of the earth. For it is 12a clock 
in any place, whw the fun is in the meridian of 
that place. And ^ the fuQ apparently moves from 
caft to weft, thro' 360 degrees in 24 hours; it will 
be an hour of moving from the meridian of any 
place, to the meridian of any other place which k 
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15 degrees more wcftcrly. That is, it is i2 a clock? ig. 
at the eailermoil placd, an houf' before it is 1 2 a 
ctock at the weftermoft> and the like for the other 
hours. And fo the diBference of apparent times, 
will be proportional to the di^erence of longitude* 

Scholium. 

It is not here meant that the earth is a perfcdb 
geometrical fphere. For experience fliews^ thac 
its fiirface is foil of mcTuntains and valle3rs. And 
beHdes it is higher at the equinbdial than at the 
^tA6s by a 230th part, which amounts to 17 miles» 
which is far more than the higheft mountains. And 
yet noiie.ofthtfe irregularities are difcoverable to 
hnfk. And they na more hinder the earth from 
being reckoned fpherical, th^n the roughnefs of an 
oran^ or a temoi>, hinders it from being efteemed 
round. 

PROP. H. 

« 

^'be latitude •f. any place on the earthy is efua! /» 
the hpght cf the pole Move the horizon. 

Let HO be the horizon of the place, Z the i\ 
sscnith, EQ^ the e^airtoaial^ P the pcfe, Vp the 
carth'« a*is^ thin (©ef 8) EZ is the latitude of 
the place. But ECP = a right angle = ZCO, 
from which taking the 'commQn angle ZCP, there 
remains the latitude ECZ =: height of the pole 
t^CO. 

Cor- Hence the height of the equinoSial ECfit 
= complement of the latitude ZCP. 

For ECM 3z comp. of ECZ re comp. OCP = 
ZCP. 
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Fig. 

PROP. III. 

Tbe direSIion of motion of heavy bodies at the eartVs 
furface^ is perpendicular to the fierface^ or plane of 
the horizon^ in that place* 

Here the earth's furface is fuppoicd to be per- 
fectly even and regular in that place, like the 
imooth furface of Handing water. Suppofe then 
a body defcending to the earth by the force of gra- 
vity, and that it is covered with water at that very 
place ; it is plain, if the line of diredion of the 
falling body is not perpendicular to its furface^ 
the water would not reft in that pofition, but will 
run "down continually towards that fide which is 
loweft, that is, where the angle is obtufe ; or from 
the acute fide to the obtufe fide ; till fuch time as 
the fluid makes right angles on all fides with that 
line ot direction. * And by the laws of hydroftatics, 
it can never, reft till it get into that pofition. And 
therefore this line of direftion muft be perpendicu- 
lar to that furface, or to the plane of the horizon 
in that place. 

Con If a body befufpended by a firing ; the firing 
eoniinued to the earthy is perpendicular to the horizon. 

PROP. IV. 

In the globe of the earthy it is probable there is 
more folid earth than water % aw more fuperpcial 

water than earth. 

« 

The former feems to be evident from the mo- 
tion of the tides, requiring generally 3 hours for 
the time of high water, after the moon's fouthing ; 
which cpuld not be, if the fea was of a very great 
depth 5 for then the f<?a would have nothing to do 
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but to rife perpendicularly under the moon. Foi* Fig. 
in any column of water, reaching near the center 
of the earth, the gravity of every particle of it is 
leflened by the approach of the moon ; therefore 
. every particle of it will endeavour to rife at once, 
which therefore it will do inftantiy, requiring no 
fenfible tim^f; the water coming in laterally 
from the other, columns at that depth, to aflifl the 
motion •, which is done in a very little time, as the 
water has but a few feet to rife in that direftion. 
But in fhallow fcas the .cafe is quite contrary, for 
this tide of water cannot now be fuppUed from an 
. abyfs below •, but muft come in laterally, from all 
parts around, tending to the place where the moon 
is vertical ; and having many miles to go, muft 
create a great current, and require a deal of time 
to perform the motion in, juft as we fee it does in 
faA. And this proves the fliallowncfs of thefe 
feas where fuch currents happen to be. .That the 
fea is of no great depth, appears alfo by the great 
number of Iflands difperfed all over the broadcft 
fcas. And fome have fuppoied the depth of the 
fea to anfwer to the height of the mountains. 

That there is more.water than land in the furface, 

is evident by infpefting the terreftrial globe. 

And fome who pretend to have"^ meafured both, or 

^ rather to have weighed them, tell us, that there is 

near three times as much water as land. 

Cor. Hence the depth of the fea may be judged of^ 
by the fnotion or current of the tides. 

For the deeper the fea is, the lefs the current 
will be ; as more of the water is fupplied from the 
abyfs below. 

P R O P. V. Prob. 

To find the latitude of any place en the earth. 

Altho' this has been fhewn in. the Aftronomy 
[Prok. I. Se£l. IV.) yet I fhall Ihew other methods 

C of 
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Fig. of doing it here, as it is a very neceflary requifite 
in Geography. 

ilFaj. 

With a very good inftrument take the height of 
the pole liar, which note down. Then at twelve 
hours diftance, take its altitude again, which al- 
fo note down. Then add thefe two altitudes to- 
gether, and take half the fum, and this will be 
the latitude of the place. 

Inftcad of the iJole ftar, any other ftar will do, 
that is not too far from the pole; for if it be 
low at one obfervation it will be affe£bed with re- 
fra£tion, which mull be allowed for, or elfe the 
lat. will not be exad. 

If you know the declination of a ftar ; take the 
meridian altitude of that ftar; from this fubftraft 
the declination if it be north ; or add it, if fouth*; 
and you have the height of the equinoctial. Sub- 
trad the height of the equinodial from 90 degrees 
and you have the latitude. 

Inftead of a ftar, you may make ufe of the fun, 
if his declination be known. But refra&ion muft 
be allowed for in both. 

PROP. VI. Prob. 

'To find the longitude of any place upoH the earth. 

This Prob. is very neceflary in Geography, tho* 
it has been folved before in the Aftronomy. 

Having the time of the moon's fouthing at any 
place, whofe longitude is known 5 the longitude at 
any other place may be found thus. Having a 
meridian line, and a clock or watch exadtly fet to 

the 
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the time; obferve the time of the moon*s ibuthingFig. 
at your place j then by fubtradlion, find the differ- 
ence of times, at this place and that of known lon- 
gitude. Then as 45 minutes is the difference of 
the times of fouthing of the fun and moon, in 24 
hours. Say, as 48 minutes to 360'^ : : fo is the 
faid difference of times, to the difference of longi- 
tude. And this difference added to the longitude 
of the known place, when your time of fouthing 
was fooiier, or fubtrafted, when later j gives the 
longitude of your place. 

Having the tinie of the moon's fouthing at any 
place whofe longitude is known, as alfo the time 
of the fouthing of fome ftar near the moon \ the 
longitude of any other place may be found. Ob- 
ferve by a clock or watch, by your meridian, how 
long after or before the ftar, the moon fouths. By 
fubtraftion find thef difference of tinles at the firfl: 
place ; and having the difference of times at your 
place^ fubtraft one from the other for the fc- 
cond difference. Then fay, as 48 minutes, to 
that fecond difference ; fo 360 degrees, to the dif- 
ference of longitude. 

If the ftar louths firft, that place is eaft of the 
other, whofe difference of times is the lealfc. 

If the moon fouths firft, that place is ^aft, whofe 
' ififference of times is greateft. 

But the moon may alfo fouth the firft at one 
place, arid the laft at the other. In that cafe you 
muft take the fum of the times, inftead of the fe- 
cond difference before mentioned ; and that place 
is eaft ward where the moon fouths firft. Therefore 
in any cafe your latitude will be known ; by ad- . 
ding or fubtrading your lat. to or from the .fc#wn 
lat. as the cafe requires. 

C % SCHO- 
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Fig* 

Scholium. 

In this laft method, the times of fouthing at the 
place whofe longitude is known, may be found 
either by obfervation, or by the aftronomical tables. 
If bv obfervation, then vou need not know the 
precife times of their fouthing, but only the differ* 
ence of times, by a corre£fc clock. And therefore 
if proper obfervations be made at the two places, 
on any night agreed on; that fecond difference 
will be found, and from thence the diff*. longitude. 
And both ways, to be more exaft, inftead of 48 
niin, the motion of the moon from the fun in 24 
hours, ought to be taken from the Aftronomical 
tables. 

PROP. VII. Proi. 

To defcribe the pb^enotnena happening to the inha* 
iitants of the feveral fpheres and zones. 

I. In a right fphere. 

I . Here the people live under the equinoftial, 
and therefore have no latitude. 2. The inhabit- 
ants here enjoy a perpetual equinox, their days and 
nights being equal thro* the whole year. 3. All 
the conftell^tions are vifible to them, and every 
ftar is 1 2 hours above and 1 2 hours below the ho- 
rizon. 4. The fun is twice in the year direftly 
over their heads v and twice in. the folftices ; in 
one, declining 234- degrees towards the north ; in 
the other, as far towards the fouth. 5. They have 
two winters and two fummers in a year, as al- 
fo two fprings and two autumns; the fummers be- 
ing when the fun is vertical. 

II. In a parallel fphere.\, 
I . Here the people live under the poles, and 
Ccnfcquenily their latitude is 90 degrees, which is 

tht 
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the greateft that can be. 2. They have no eaft or Fig. 
weft, or any other point but north and fouth. 
Thofe that live under the north pole have nothing 
but fouth ; and thofe under the fouth pole, no- 
thing but north. 3. They have but one day and 
night in the year, and each of them is 6 months 
^ long. 4. Thofe at the north pole have day and 
fummer, when thefe at the fouth pole have n%ht 
and wipter ; and vke verfa. 5. The ftars never 
rife and fet, but move round them in circles paral- 
lel to the horizon; and therefore are always at 
the fame height. 6. The fun moves continually 
round about them, riling higher and higher every- 
day, till he be 23^ deg. high, or at die tropic. 
And afterwards defcends again, by the fame de- 
grees, till he fets in the horizon. 

III. In the okKque fphere. 

I . Here, there i^ equal day and night only twice 
ii> thq year, and that is when the fun is in the et}ua- 
tor. 2. In fummer the days continually increaici^ 
and the nights decreafe, till the fun is at the tro- 
pic towards their pole, after which the days con- 
tinually decreafe and the nights increafe, tiU the 
fon be at the other tropic in winter. 3. The-great- 
er latitude any place is in, the longer are the long- 
eft days, and the fhorter the fhorteft* 4. Some 
ftars about their pole are always above the horizon^ 
and therefore always vifible ; and fome ftars about 
the contrary pole, are alwaya below the horizon, 
and therefore never fcen. 5, To the inhabitants 
of the oppofite hemifphercs, the feafons are all 
contrary. 6. To all people in the fame parallel, ^ 
the days and nights are of the fame length at all 
times of the year. 7. The greater the latitude of 
the pUcc is, the longer twilight continues.. 



ii 
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^' IV. In the torrid Zone. 

1. Thofe that live in the torrid ^nc, have the 
fun twice over their heads in a year. a. They have 

^ two fucnmers and two winters in the year, but of 
unequal lengths. 3. Their days and nights ape 
unequal \ and the more fo, the further they are 
from the equator. 4. Thofe that live under the 
tropic, have the fun but once a year over their 
heads, and have only one winter and one fummer ; 
and to Chem all the ftars within their polar circle al- 
ways appear, bu£ none of thefe in the oppofite 
polar circle. 

V. In the frigid Zone. 

I. Here the fun continues above the horizon 

for feveral days in fummer, and below the hori-' 

zon for as many days in winter ; and the nearer 

' the pole, the more days it continues. 2» Here 

is but one fummer, and one winter in the year. 

3. In contrary zones, the one ,has fummer, when 

the other has winter. 4. Thofe that live under 

the polar circle, fee the fun going quite round 

them, when he ia in their tropic ; and when he is 

in the* contrary tropic, he docs not rife for a day. 

To them the ftars between the tropics rife and fet : 

the ftars between their own tropic and the pole 

never fet, and thofe between the other pole and 

tropic never rife. 

y I. In the temperate -Zone. 

I. The meridian fun is always one way, viz. 
fouth in north latitude, and north in fouth laptudc: 
and therefore never comes over their heads. 

2. They have but one winter and one fummer in 
the year. 3. The days and nights are always oi 
uneqXial lengths except at the equinoxes. 4. Thofe 
ft^rs about their own pole never fet, which are 

within 
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within that parallel whofe diftant from the pole isFi^. 
equal to the latitude^ And thofe about the oppo-. - 
fite pole never rife. 5. In the oppofite zones, the 
ieafons are contrary, being winter in one, when it 
is fummer in the othen 

PROP. VIII. Prok 

Tafnd the' kngtb of afmaU arch of the earthy as 
a degree^ &c. 

' . . I Way. : 

,Chufe two ftations A and B on the tops of two 2. 
mou^itains, and as far diftant as poflSble, fo as to 
be. feenfrom one another. And having fet two 
msffks ^t A and B, which may be fcen by help of 
an inftrument with telcfcopic fights. Place your- 
ftlf at.QDii^ ftatioii A, and with the inftrument take 
the angle BAG contained between the perpendicu- 
lar AC, and the vifual ray AB. Then remove 
to B the other ftation, and in like manner take the 
angle ABC contained between the perpendicular' 
BC and the vifual ray BA. Then by adding thefe 
• ajigtes CAB ^nd.CBA together, you have the 
fuo% which taken from 1 80. degrees, gives the an- 
gle ACB. Laftly, meafure the line AB, leading - 
diredtly from one ftation to the other, and you will 
find Kow many milc$, &c. of the eanh's circuit cor-' • 
refpond to the angle ACB. If any part of the 
liofc AB be impaflable, and cannot be meafured di- 
redly, fuch part or parts muft be mcafured trigo- 
nbmetrically^ by taking oiF ftations,^ as is ufual ia 
meafuring in^cce0ible diftances. 

2 Way. 

Chufe two pkces on the Earth fituatsed undei^ 
the feme meridian, in t level and even country,,, 
and as far off as polfible^ fo tl}at one may travel 

C 4 froxQ 



24 GEOGRAPHY. 

Fig. from one to the other in a right line ; take the Is^ 
2. titude of thcfe two places feparatcly (Prop. V. ^ 
which note down ; and fubtractine one from the 
other, gives the difference of Utituae. Then mea— 
fure the difbince of the two places in a direft line ^ 
and you will know what length in miles, &c. be- 
longs to that arch, or difference of latitude. 

3 If^ay. 

Take two places as before in a very level coun- 
try, and in the fame meridian, and as far diftant 
as you can. At thefe two places, let the meridian 
altitude of fome noted ftar be exaftly taken, the 
difference of thefe altitudes fliews the diftance of 
thefe places in degrees, &c.' Then if the diftancc 
of the two places be exadtly meafured, it will be 
known how many miles, &c., anfwer to that arch 
on the earth •, and consequently bow many to a 
degree. 

Cor. Hence at a medium^ the length of a degrei 
upon the earth is about 69.31 Englijb miles. 

In the year 1635 Mr, Norwood meafured the 
diftance between London and York, by which he 
found the length of a degree to be 367196 feet or 
69.54 miles. 

Mr. Picard found a degree in the middle of 
France to be 57060 French toifes. And Mr. Caf- 
Jini afterwards found the fame length. 

Mr. Muffchenbroek found a degree in Holland to 
be 57033 toifes. 

Mr. Maupertuis^ afterwards correfting Picard's 
meafures, makes only 569^6 toifes to a decree. 

In the year 1736 Mr. Maupertuis and his com- 
pany were fent by the French king into the gulf of 
Bothnia^ to meafure a degree of the meridian. 
And they found the length of a degrefc under the 
polar circle to be 5743S toifes. 

At 



_J 
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At the fame time Mr. Bouguer and QmdamneViig. 
were fcnt into New Spain, and there they found 2. 
a degree under tho equator to be 56753 toifes*. 
But Bouguer in his Navigation dates it dius, 
a degree at the equator 56748 toifes 

■ ■ in lat. 45 57000 

— under the polar circle 57422. 
From thefe meafures, one may reckon the - 
mean length of a degree to l)e>td)out 57050 
toifes, or 365586 feet =:: 69.24 Engliib miles ; and • 
the mean between this and Norwood and Picard 
is about 69.3 1 Engliih miles. . 

Nott^ a toife is reckoned equal to 6.4080 &et 
Englifh, or only to t).4 by fome writers. 

PROP. IX. Proh. 
To find the circumference and diameter of ibf earth. 

Having the length of a degree by the laft Prop, 2 
If that be multiplied by 360, the produft gives 
the circumference; and this divided by 3.1416. 
gives the diameter ; and half of the diameter is 
the radius. All this fuppoies the earth to be a 
fphere, or very near it. 

Cor. Hence the circumference of the earth, is 
24951.6 EngUfh miksy the diameter 7942, and the 
radius 3971, or tbereabouts. 

PRO P. X. 

Suppqfing the body of the earth to Be every where 
of equal denjity j its figure is nearly that of an ohlate 
fpberoid. 

Let APEG be its figure, PG the axis, ACE ^ . 
the equinodiaL And let FPHG be the infcribed 

ipherc. 
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F^ Inhere. Draw BID parallel to AC. If it iwras n€K 
for the diitraal revolution, the equal gravitation 
on all fides, would caofe it to have a fpherica} Br 
gure, fuch as FPHG. But by its rotation round 
its axis, a part of the gravity is deftroycd, by 
the centrifugal force i and the diminution t>f the 
gravity in every place, will be {H*oportional tty the 
ceotrifugal force in each place v and therefore if 
we fuppofe the earth in form of a fluid, that cen^ 
trifugsJ force will caufe the fluid parts to rife high- 
er about .the equator, in order to keep an equi« 
librium among all the parts of it. 

Now fince AI^ =; AC — PC, the part AR is 
fuilained by the centrifugal force. And to find 
how much is fuflained at B thereby, we have (by 
Cor. 3, Prop. 111. Centrip. forces) the centrifugal 
force at A : centrifugal force at B in the plane 
DB : : AC : BD : : AP (the efieft 6f the cent, force 
at A) : BI (the efFedt of it at B). And by divifion 
AC : BD : : FC or PC : ID. Therefore (by Prop. 
XIX. EUipfis) GAPE is an ellipfis, and the earth 
afpheroid. 

Ce»r. I. Th inareafe of gravityy in going from the 
equator to thepole^ is ar the fquare of the cpfine (^ the 
latitude. 

Draw IC, and BL parallel t» it or perp. to IL. 
Then fince fil reprefents the centrifugal force of 
B, afting in diredtion IB perpendicular to the axis 
PC; if this be divided into the two forces- IL, 
BL ; the force IL is no way oppofed to the force 
of gravity, but the force I<B is direftly oppofed to 
it. Therefore the diminution of gravity at A : to 
that at B : : as AF : to BL. But AF to BL is com- 
pounded of the ratio of A F to Bl or IC to ID, and 
BI to BL or (by fimilar triangles) as IC to ID. 
Therefore AF : BL : : IC or FC^ to ID\ There- 
fore the diminution of gravity at A : is to the dimi- 
nution 
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nution at B : : FC* : ID*. Whence the diminution F^.. 
at any placfe B bcii^ as 1D% it is continually dinii- 3. 
nilhed (in that ratio) from P to A, But a diminu- 
tion frpm P to A, is the feme thing as m augmen- 
tation in goii^ from A to P. 

Cor. 2. The gravity of a body at the equinoSlial A, 
is to the gravity of the fame body at the fole P : : 
reciprocally as PC to AC. 

For the gravitie$^ of the whole columns AC, PC> 
are equal; and therefore a certain quantity Q, 

will weigh at A, ^ v and at P, will i«cigh -^ 

And thcfe are as ~ and -i_, or as PC to AC. 

AC i'C 

Cor. 3. Infteadef fuppofing all the earth in the Jtate 4* 
of a fiuid^ if we fi^<^ then is in the middle jofU^ 
a fpbere of folid matter^ or terrelloj as GFPH, en- 
compqffed by afiuid. The figure of the earth wiilthfn 
approach neater to a fpbere \ fuppofing, the denjity eve-' 
ry where equal. 

For let AFPQ^ be a part of the water or fluid ; 
then the diminution of gravity^ in the columns 
CA, CB; going dircftly to the center, arifes from 
the centrifugal force as before. But the centripe- 
tal force 4oes not afibft the parts of the columns - 
CF, CL, h/Aaysf \ but only the upper parts AF^. 
BL. Therefore only the parts AF, bL, are in- * 
crcafed in the ratio of the cofine fquare. of the lati- 
tude f by Cor. i.), the parts CF, cL remaining 
equal's and confequently the iK^ks AC, BC^; 
. muft be nearer a ratio of equality 5 that is, the earth 
approaches nearer to a iphere. And the more fo^ 
the left the fluid matter, or the greater the terrella 
at the center. 

Cor. 4. And therefore ihe earth is the moft oblate^ 
it can be, when the whole of it is in a fluid fiat e. 

PROP- 
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Fig. 

PROP. XI. Prot. 

Having the ienph of aAignt in two fever al laii- 
tudes of the earth \ to find the polar and equinoSial 
diameters of it. 

5. Let AC be the radius of the equinoftial, CP 

the femiaxis, draw BD parallel, to AC» and BR 

perpendicular to thetcunre in B. And put CA = a^ 

- CP=:^ CD = 2, BD=> S. lat; DBR=j. 

' Cof. =z c^ BR zzwj d zz len^h of a degree at B. 

Then by the ;iature of the ellipfes BD* -zLjytzaa 

ee 

Then (by Cor. i. Prop. XL Ellipfis) DR = 

f^. AndBD:DR::c:s,oraa^—zz:^zz 
ee ee e^ 

::ec:ssi that is, ee-^zz:— zz:: cciss. Whence 



zzzz 



ee 

e^ss 



Again, s : DR (— z):: Rad. 
ccaa^ssee ^ ee } 

(1) : BR or ^ = — -. But the radius of curva* 

ees 

ture in B is equal ^, h being the parameter. (See 

bb 

my Fluxions, Prob. V. Sed. IL Schol.) 

Now in the fame figure, the length of a degree 
in any place, is as the radius of curvature in that 

place ; therefore i/ is as 4^-9 or as ^ ^ , that is, 
^ bb bbe^s^ 

as — ; bj a and e being conftant. But = 

j» ss 

, and .^ = ■ . Therefore 



€caa + ssee j» ^^aa + sse^^ 

d 13 
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d is as ^ or as ' , € being con-^8* 

ftant; and it OC ^— oc ^ putting i> = ^|. 

For the fame reafon, in any other latitude, P OC 

— '. — .--__. Whence p : 1 : : P : 

CCaa + SSee ccaa+ ssee 



I 



CCaa + SS^^ 



Therefore ?CCaa + VSSee =: 



pccaa + fssee^ and PCC — ^^r.j^ :=zpss — PSS.^^ ; 

J aa pjj — PSS PSS — />w , ii 
and * — ^ * n 1^ — • and zz 

ee , PCC— />cc ^r^ — PCC' e 

.VSS—pss ^y; forfhortnefs. 
s/ pec — PCC ^ 

Let r zr radius of curvature in B, then r X 

.01745 zz //, and r = . But we had r zz 

•017453 

l!l!rril*J=:^i.X fl X— =:— X— = 
^^ tf* a^ e^ s^ s* i» 

— X ^ =: ^ — ^ ', and r X 

' ^* c^tf^j + jj^^^ ccaa + ^^Jil*^ 

rr^a + sset^ zz aaee •, or (bccaufe a zz fe\ r x 
ccfee X ^if<?'*" = ff^** And dividing by ^^^ or ^S 

we have r x ^c/f + jjI^ = if^, and e zz -^ X 



r 



ccff + Jj|-- Whence a zzfe zz -r-X ccff + wi*. 

If the two latitude's be at the pole and the equa- 
tor, s zzOj and C = o 5 and S n 1 , and e zz i •, 

then —or/ becomes =: v -5 -, and e zz ■ , 

e ^ •01745 

and. = v/^2P. 

Take 



/ 
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Fig. Take the two latitudes of SS"" 2i\ and 48** 50% 

j. and the meafures of the degrees 57438 aod 5692 6, 

according to Maupertuis^ and Picard corre^ed. 

And there comes out ^orf:=: 1.0109, and e = 

'3237300 toifcs r: 3929 miles, and a = 3972, the 
di&rence is 43 miles, that the earth is higher aic 

the equator than at the poles, which is — part of 

the radius. 

Again^ if the meafure of a degree at the equator 
and polar circle be uken, which arc 56753 and 
5743^f ^ f<^t «^wn in the VIH Prop. Then the 

difference of the femidiameterd will be — the ra- 

216 

dius of the earth. 

If we take the meafures at the equator and io 
France, lat. o, and 48 50, which are 56753 and 
56926 toifes, the difference of the femidiametcfs 

will be — of the mean femidiamcter. Or if P/- 

577 
card's own meafure be taken, 57060 ; the difference 

wiU be 

320 

If we take Beuguer*s meafures 56748, 57006 
and 57422 ; for the latitudes o, 45'', S6\;. The 

firft two give •, the firft and laft, ; and the 

.339 ^^5 

two laft, — — , for the difference of the radii. 
139 

In the Aftrottomy (Se6t* V. Prop. 25. Cor.) I 

have Cbewn from the theory of gravity, that the 

difference of the femidiameters is . And Sir 

J. Newton makes it And 6ther people pur- 

230 • 

fuing 
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fuing different ,tnethod& and meafures, have found Fig* 
other numbers^ aU diSering from one another. £• 
Particularly Bouguer by ofing feveral numbers, fiixls 

for a mean. Whilft Juan Cwho accompanied 

178 

them to the fouth) makes JL for the difference of 

236 

the radii. 

Scholium. 

In a cafe of fuch uncertainty as this, what can 
we conclude on ? Only this in general, that the 
earth is .flatter at the poles than at the equatof, or 
higher at the equator than at the poles. For fo 
great is the difference refulting from thcfe feveral 
obftrvations, that fome of thele numbers are twice 
or thrice or. even four times as great as others. And 
who knows which is right, or which to truft to ? 
Sir I. Newton^s^ calculated from the theory oi gra- 
vity, feems to be about a mean among them. The 
mcafures under the polar circle and in Franct^ 
make the height at the* equator more than twice 
as much as Sir Ifaac. Whilft the fame meafure 
under the polar circle, and that under the equinoc- 
tial, makes the height about the fame as Sir Ifaac 
dpes. Now all this inconfiftency muft arife from 
fome of thefe caufes. i . From the defefts of meafu- 
ring, 2, The flirinking or lengthening of their 
poles. 3. Errors in taking the latitude. 4. The 
attraftive force of mountains. Or 5. That the 
earth is not a true Ipheroid. 1. As to the defciib 
of mcafuring, according to the account Mauperiufs 
gives, all imaginable care was taken about it. Yet 
fome errors might happen, by not laying the rod^ 
in a right line from right to left. Or fome might 
happen, by not laying them exaftly horizontal. 
For if in any jcafe they made any angles, tho* vtij 
fmall, but being often repeated, they would a* 

mtjunt 
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Fig. mount to fomething \ and then the diltance of their 
g% ftations would meafure to more than it really was. 
And it would be difficult enough to lay the rods 
truly horizontal, among fo much fnow as they had 
to wade thro*. Add to this, that thefe rods might 
bend in fome places and fo become ihorter. 2. As 
to the alteration in the lenj^th of the rods, Mauper- 
tuis tells us they could difcovcr none. But I never 
yet met .with any fort of bodies,' that were not af- 
fe^bed with heat and cold. And 1 can never think, 
that wood, efpccially fir, is fccure againft it. For 
. how could they be furc of the contrary ; for if 
they brought their rods out of a cold into a warm 
place, where their thermometers were kept, they 
would immediately expand with the heat, and 
during the time of mealuring would be reduced to 
the fame ftate as their ftandard. In like manner, 
if the rods were brought out of a warm place to be 
meafured in a cold one by their ftandard, the cold 
vfould certainly contraft them, and reduce them 
to the fize of their ftandard. And this is the more 
probable, becaufe they- took a great deal of care 
to have tTicm nicely adjufted, which would require 
the more time to perform the operations in ; and 
being all the tira^ m one place, they muft partake 
of one ftate. So that if the rods did really lengthen 
and fliorten, yet I cannot fee that they could have 
any certain way to find it out. And 1 take this to 
be the principal caufc of a degree meafuring to fo 
many toifes, happening thro* the contraftion of 
the rods, by fuch an extreme degree of cold. But 
]£ Maupertuis will have it, that heat and cold have 
no f fifeft upon them -, then the curious mechanic • 
need feek no longer for a metal to endure heat and 
cold without any alteration • for here wood will do 
the bufinefs. However, we know that wood will 
be contraftcd or dilated by drought or mbifture ; 
and then this quality may be as pernicious as jche 

other. 
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other. 3, The errors that may happen in talcing Fig. 
the latitude, may be the incorreftnefs of the inftru- 5. 
mcnt, or the want of care in uling it. But neithe,r 
of thcfe has any place here, as they had the beft of 
inflruments for this ufe, and the ableft hands to 
ufe them. 4. The irregular attraflion of moyn* 
tains may have fome efFedt here ; for all their ope- 
rations were performed among mountains. And a 
" like effeft happened to the fouth mathematicians 5 
for they found the attraction of a great mountain, 
had fo much influence on a plumb line, as to caufe 
it to deviate 7 or 8 feconds froni the perpendicu- 
lar. But fuch an cfFcft was not expefted in - the 
north, and fo no experiments were made about it. 
What is faid of mountains is applicable to fuch 
parts of the earth as are denfer than the reft, which 
will have a like efreft, tho' they are quite invifiblc 
to us. And a fmall matter will deftroy the accu* 
racy of an experiment fo nice and curious as this is. 
We may obferve that for every error of i fecond^ 
there will be an error of i6 toifcs; and in 2o\ 
will amount to 320 toifes, which makes a fenfiblc 
difference. Add to this, that the very Ihort bafes 
that are made ufe of in fuch cafes, is another caufe 
of error. For a very fmall error made there, will 
be greatly multiplied at the far end. And yet 
ihort bafes will perform better than long bafes, for 
a great part of thefe will be upon uneven parts of 
the ground, which cannot be truly meafured. 5. But 
if the earth be' an irregular folid ; no meafures can 
ever confpire to make it regular. And what ground 
have we to think it is regular. The internal parts 
of it are unknown to us. It may happen to be 
denfer towards the poles, or it may happen to be 
denfer towards the equator. But thefc two diffe- 
rent fuppofitions will caufe different figures. And ' 
as the internal conftitution of the earth is unknowii 
to us, the true form of it will always remain a fe* 
trets.tho' it cannot be far from that of a fpheroid. 

D And 
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Fig. And tho' thefe eminent peribns that were fent to 
5* meafure the earth, have made furprifing difcoveries^ 
and have executed their defign as far as human art 
could go: yet an 'operation fo nice, fubtle and 
critical, can never by any art be performed to the 
required exa£tnefs. So that I think it better to ac* 
quiefce in Sir I. Newton's numbers, for the figure 
of the earth, which he found by the theory of gra* 
vity; at leaft till we can get fomethin^ better. £^- 
cially as it is a mean among the different figures, 
which thefe inconfiftent and various meafures have 
afibrded us. And upon this footing I will put down 
the following table, after I have confidered the 
lengths of pendulums. 

Cor. I . The length of a pendulum vibrating feconds, 
increafes from the equator to the poky as the force of 
gravity increafes^ that is^ as tbefquare of the cofine of 
the latitude. 

For (by Prop. XXVII. Mechanics), the length 
of the pendulum, is as the force of gravity •, and 
therefore the increafe of the length, is as the in- 
creafe of gravity, that is (by Cor. i. Prop. X.) as 
the fquare of the cofine of latitude. 

Cor. 2. ^he length of a pendulum at the equator is 
to the length of a pendulum at the poUy as the axis of 
the earth to the equatorial diameter. 

For fby Cor. 2. Prop. X J the gravity is in that 
ratio. Yet by experiments, it appears that the length 
of a pendulum is Hill leis at the equator ; and there- 
fore the gravity is Icfs there than in that ratio ; and 
confequently the earth is higher at the equator than 
we fuppofed. For the gravity in any place muft 
be reciprocally as the height of the earth in that 
place from the center ; becaufe the fevcral columns 
of the fluid, reaching to the earth's center, exaftly 
ballance one another, But the lengthening of a 
pendulum in different latitudes is fo Tmall a matter^ 

(being 
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(being but the 230th part), that it will be very Fig. 
difficult to meafure it eta6tly ; and efpecially m 
different countries, where this experiment is diftur- 
bed by heat and cold. However all thefc expcri- 
ments tend to prove this, that the earth is higher 
at the equator than at the poles. But to find%x- 
•aftly how much higher, will never be known from 
fo nice an experiment as the different lengths of 
pendulums, no more than it can be from the 
different meafures of a degree upon the earth. 

A table of the lengths of a pendulum to vibrate 
Seconds •, and the length of a degree, to every 5rh 
degree of latitude. 



degree 



s. 



O 

5 
10 

15 



20 
35 



"*!• , 



40 

-4-5 
55 



60 

65 
70 

75 



So 

85 
90 



length 
degree. 



miles. 
68.723 
68'.730 
68.750 
68.783 



length 
pendulam. 



68.830 
68.882 
68.950 
69.020 



69.097 
69.170 

69.330 



69.401 
69.467 
69,522 
69.568 



69.601 
69.620 
69.628 



inches. 
39.027 
39.029 
39.032 
39.036 



39-0+4 

39-°57 
39.070 

39.084 



39.097 
39.111 
39.126 

39- H2 



39-'5« 
39.168 

39-177 
39-185 



39-19* 
39-^95 
39- '97 



D 2 
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Fig. 

PROP. XII. 

The ebbing and f owing of tbefea is caufed by the 
etlra3iom of the fun and moon. 

^* Let ABCD be the earth covered with water, L 
the fun or the moon. Then fince the attradive 
force of the body L is reciprocally as the fquare 
of the diftance, the water under L being nearer than 
the center T of the earth, the water at A will be 

^ more attra&ed than the parts about the center T ; 
and therefore the water will rife at A and fubQde 
at D. For the difturbing forces of the fun and moon 
(explained in Cor. 3 and 4, Prop. XXVII. Centr. 
forces ) will accelerate the water from the quadra- 
ture D to the fyzigy A (by Cor. 8. ib.)» and retard 
ic from A to the quadrature B. Now as the earth 
turns round its axis from D thro* A and B ; tlic 
water, from D to A being continually accelerated, 
will move fafter than the earth at A. And being 
continually retarded from A to B, and drawn 
back ; it will move flower at B than the earth. 
Therefore at fome intermediate point N, the water 

' will be at reft in rcfpeft of the earth. Therefore 
fince it moves on all fides towards N, it muft be 
accumulated there; and therefore it will be full 
tide at N. Alfo at fome point Q in the quadrant 
* DA, the water will alfo be at reft; but as it moves 
on all fides from Q, therefore the water will be 
depreJfTed at Qj that is, it will be ebb or low wa- 
ter at Q. 

Likewife in the oppofite hemisphere BCD, the 
attraction being greater at T, than at C, by the 
body L ; T will endeavour to leave C behind, 
which comes to the fame, as if C was attraded from 
T in diredion TC, juft as A was attrafted from 
T % by the difierence of the ^ttradlions. The con- 

,: . ; fcquencc 
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fcquence will be that the fame efFcfts will happen Fig, 
in the hemifphere BCD, as in the other DAB j the 6* 
Water will be accelerated from B to C, and retard- 
cd from C to D ; and at fome point P (oppoQte to - 
N) it will be accumulated, where it will be flood ; 
and at fome point O (oppofite to Q^ it will be de- 
prefTed, and there it is ebb. So that there arc 
two floods and two ebbs in the fpace of .24 (lunar) 
hours, ^' The point N where it is flood is always^ 
pafl the moon's meridian at A ; and the farther 
paft it, the fliallowcr the water is, or the quicker 
the earth's motion. Generally, it is about 3 hours. 
pafl:. 

Cor. I. jil the time of the new and full moony the 
tides are the greateji ; and in the quarters the leaft. 
7be former are called fpring tidesy the latter neap^ 
tides. 

» 

For at the new and full, both fun and moon are 
in the line AC, and both raife the tides at A and: 
C by their joint forces. But in the quarters, one 
raifes the tide at A and C, and, the other at B and 
D. In the firfl: cafe the height of the tide will be 
as the fum of the forces ; in the fecond cafe, as 
their difference. But as the moon's force is four 
times as great as the fun's \ the fun will always 
make fome tide tho' lefs. 

Cor. 2. But the fpring tides do not happen en tht 
day of the change or full. Nor the neap tides on 
the dajs of the quarters ; but about 3 days after. 

For the waters will retain the motions imprefled 
upon them tor fome time after ; tho* the forces of 
the luminaries Ihould quite ceafe. But as their, 
forces are very little diminifhed in 2 or 3 days, 
the tides will ftiU increafe for a time. 

ft 

Cor. 3. Thefe are the great efi tidesy when the moon 
(^ alfatht fun) is neareft the earth.- 

D 3 ^ For 
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Fig. Fpr then (hi: d^iilurbing force i$ greater. 

Cor. 4* the tides are higher when the m$on (amd 
alfo the fun) is in the equinoSial. * 

For the effedt will be greater in a great circle, 
and lefs in a leflfer. At the pole it would be no- 
thing \ there would be no reciprocation. 

Cor. 5. The tides are greater in leffer latitudes^ 
tb^n in greater. 

For the motion is lefs in a lefier (or parallel) cir* 
dc, th^ in a greater. At the pole it would be 
nothing. 

Cor. 6. The times of the tide happening in particu-^ 
lar places^ may be very different according to thefitua- 
tion of thefe places. And likewife the height. 

For the motion of the tide is propagated Cwifter 
in the open fea, and flower thro' narrow channels 
or (hallow places. And being retarded by fuch 
impedimems, they cannot rife lo high. 

S c H o 1 1 u M. 

As the moon is the caufe of a tide in our fea, fo 
tlic earth will alio raife a tide in the lunar fca, if 
there is any. But that tide will be greater in pro- 
portion to the greater force of the earth (wnich 
is about 40 to ij ; and lefs in proportion to its lef- 
fer diameter (which is i to 3.65). Therefore if 
the moon raifes our tide 8.6 feet, our earth will 
raife their tide about 93 feet. But as fhe turns thc^ 
ftmc face always towards the earth, that tide will* 
ftand there, without any reciprocation. And the 
moon will put on the figure of an oblong fphc*, 
Wid. 



PROP. 
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Fig. 
PROP. XIII. Prah, 

^0 found the 4«ptb of the fea. 

Take a narrow cylindrical tube ab^ z feet long tz. 
or more, the longer the better » clofe at the top 
a^ and open at the bottom b. Fit a cork to the 
end t^ to go pretty eafy in. Then immerfe the open 
f nd fi into a veflel of treacle, fo that the treacle may 
alcend about half an inch in the tube. Then whilft 
it is in the veflel, put the cork in at ^, which will 
force the treacle up to r, and keep it there. 
Then this tube muil be inclofed in a ftrong brafs 
veflel or cover DE» of great weight, that it may 
(ink far enough i and full of holes in the fides, ta 
let the fea w^ter go freely in and out. After the 
tube is put into this brafs cover, fill it full of wool 
on all fides, to hinder the tube from breaking a- 
gainft the cover. Then the cap G muft be fcrewed 
on to keep all fafir. At F is a ring fyied to the 
brafs cover, and a long cord is to be tied to this 
ring i and fo the whole machine funk into the fea, 
till it reach the bottom^ if the cord will reach fa 
far. Then it muft be drawn up by the cord j and. 
obferving how far the infide of the tube is daubed 
with the treacle, as at r ^ the preffure of the water ; 
and confequently the depth will be known : and 



the depth iS'^ — — I X lo, in yards^ 

at 

For 10 yards deep of the fea is about equal ta 
the weight of the atmofphere ; and at all depths, 
the preffure, as alfo the depth, is reciprocally as 
the Ipace ar^ that the air i^ compreffed into. There- 
fore --- Z2 number of atmpfpheres prefiing upork« 

th^ qork at r. Rut one of thefc atmofphcres is. 

D 4 "' fpent 
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Fig« ipcnt in keeping it at ^, or ke.^ping the included 
12. air in the ftatc ^, when the depth of the water is 

nothing. Therefore the number of atmofpheres 

prei&ng it from ^ to r is 1 -, and confcquendy 



or 



the depth = ^ 1 x lo. 

ar 

Scholium. 

It may be fuppofed that the length of the cord 
is fufEcient for meafuring the depm, without this 
apparatus. But this will not hold, for thefcTcaibns \ 
I. becaufe the fhip being in motion, the weight 
does not fink perpendicular ; and 2. where there^s 
any under current, it will alfo carry it out of the 
perpendicular, tho* the Ihip was to be at reft*. 

PROP. XIV. Frolf. 

To find the difiance of any two places upon the 
iartb wbofe latitudes and longitudes are known. 

If the places have the fame longitude, or be un- 
der the fame meridian, there is no more to do but 
to fubtraft one latitude from the other, when they 
^re both on one fide of the equinoftial ; or jadd 
them, if on different fides ; and the difference or 
the fum is the diftance in degrees. 

In general, let EPQ^ be the meridian of one 
place, EQ the equinoftial, P the pole, A and D 
the two places whofe diftance is required, PB the 
meridian of B. Thro' A and B draw the'great cir- 
cle AB. Then Tince the longitudes are given^ 
their difference of longitude or angle APB, is 
found by fubtrafting one fr,om the other. And the 
latitudes being given, the complements thereof 
will be known, or their diftances from the fame pole 
P, that is AP and BP. Therefore in the triangle 

APB, 
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Ai*B, there are given the two fides, AP, BP, and Fig. 
the included angle APB ;, to find the fide AB, by 7. 
Cafe 8 of Spherical Trigonometry. 

From the end of the leffer fide AP, let fall the 
perpendicular AD, upon the longer fide PB. 
Then, 

Radius : 
' Cot APB : ! 

Tan. AP: 

Tan. DP. 

Then DP taken from BP, when the angle APB 
is lefs than a right angle ; or added to it when 
greater, giyes the fegment BD. Then, 

Coi. PD 

Col. PA 

Cof. BD 

. Cof. BA, the diftance required in degrees •, which 
multiplied by the number of miles in a degree 
(found in the table under Prop. XL for the middle 
latitude)*, gives the diftance in miles. 

If AP and PB happen to be equal, as when the 
places are in one parallel of latitude ; the foliation 
will be eafier. The proportion is this. 

As Radius : 

Cof. latitude of either place AP : : 

S. half the difF. longitude APB : 

S. half the diftance AB, which doubled gives the 
diftance fought, in degrees, on the arch of a great 
circle. 

PROP. XV. Proi. 

Having the longitude of two places in one parallel 5 
to find their diftance on the parallel. 

Finding the diftance in the arch of a great cir- 
cle, was folved in the laft Prob. And to find the 
diftance along the parallel j fubtraft the longitude 

of 
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Fig. of one from that of the other place^ to get the 
7. difference of longitude. Then lay. 
As Radius : 
Cof. latitude : : 
Difference of longitude : 

Diftance, in degrees of the equino£lial ; ^wfiicfr 
multiplied by 69.31, gives the diftance in miles 
Engliih. Or multiplied by 60 gives the diftance 
in geographical miles. 

Oiberwife tbuSy 

From the following table take the length of a 
degree for the given latitude, which multiply by 
the difference of longitude in degrees, give the 
diftance in the parallel, in geographical nules. 



A Table 
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A TaUe (hewing hov many gec^raphical miles '. 
are contained in one degree of any parallel, for 
all latitudes. 



43 



I 



dcgr. 
lac. 



O 
I 
2 

3 

4 



5 
6 

7 
8 



lO 

II 

12 



»5 
i6 

17 
i8 

'9 



20 
21 
22 



miles. 



oo.bo 

59-99 
59-96 

599* 
59-85 



deg. 
lat. 



59-77 

59-67 

59-55 

59-41 
59.26 



23. 

24 

25 
26 

11 
28 

29 



geog 
oiilet. 



• Meg« 



55-23 
54.81 

54.38 

53-93 

53-46 



lat. 



59-09 
58.89 

58.68 

58.46 

58.22 



52.97 

52-47 
30 51.96 

3» 



57-95 

57-67 

5738 
57.06 

56.73 



56.39 
56.01 

55-^3 



52 

3S 

34 

1 35 
36 

37 

38 

39 
40 

4» 

42 

43 
44 
45 



5»-43, 



50.32 

49-74 
49- » 5 
48.54I 
47-92 



46 

47 
48 

49 

50 

5' 

52 

53 

54 
55 



S^og. 
miles. 



deg. 
lat. 



41.68 



69 



40.92 70 



40.14 
39-36 
38.57 



37-76 74 



7» 
72 

73 



47.2)^ 
46.62 

45.96 
45.28 

44.58 



43.88 
43.16 
42.42 



56 

57 
58 

59 
6p 

61 
62 

63 
I64 

65 



36.94 
36. i I 

35.27 
34.41 



76 

77 
78 



miles. 



21.50 
20.52 

^9-53 

18.54 

»7-54 



33.551 
32.68 



79 
80 



38.O0 0( 

84 



30.90 
30.00 



66 
67 
68 



29.09 
28.17 
27.24 
26.36 

25.35 



24.40 

23-44 
22.47 



»6.53 

15.53 

14.51 
13.50 

12.47 



U.45 
10.42 

9-38 
8.34 

7-3 » 



85 
86 

87 
88 

89 
90 



6.27 
5.22 
4.18 

3-14 
2.09 



1.05 
0.00 



J 



PROP. XVL 

fbe mgin ef ffritigs and rivers is entirly owing to 
rain and vapours. 

The ancients had very unaccoimtable notions 
about the caufe of fountains and rivers^ and many 

of 
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Fig. of them abfurd and even impoffible. Some of them 
imagined large caverns and recepcables of water 
within the earth, placed there from the beginning, 
which were to keep running foi; ever without any 
fupply. Others fuppofed vaft quantities of ftcam 
or vapour to be raifed within the earth by the force 
of fubterrancous fires, which perfpiring thro' the 
earth, and condcnfed near the earth's furrace, might • 
be fufficient for the produdtion of fprings and ri- 
vers i as if there were a vaft number of boilers or 
natural alembicks, placed within the earth, on 
purpofe to generate fteam, to be converted into 
water for fprings. Others fticking by the words 
of fcnpture, would have the water of the fca, con- 
trary to its nature, to afcend to the tops of moun- 
tains, and breaking out from thence, to form 
fprings and rivers ; as if there was no other way 
but this, for rivers to be derived from the fea. 
Others again would have water conveyed from the 
fea by fome miraculous and fupernatural powers ; 
as if God had not been able to do this in a natural 
way, but in the firft inftitutlon of nature, fhould 
impofc a perpetual violence upon nature. Others 
recur to the influence of the celeftial bodies, for 
attrafting the water to the higher parts of the earth. 
All which fuppofitions are too weak to endure any 
examination. But leaving fuch v/hims and chime- 
ra's, let us aflign the true caufe. The true caufe 
tlien, is this* The heat of the fun draws vafl: quan- 
tities of vapour from the fea, which being carried 
by the wind to all parts of the globe ; and being 
converted by the cold into rain and dew, it tails 
down upon the earth ; part of it runs down into 
the lower places 5 where it immediately forms ri- 
vers •, and the earth drinks, up the reft; part of : 
which ferves for the purpoi^s of vegetation, and 
the reft defcending into hollow cavern and places 
within the earthy is lodged there for a while ;.^ 

which 




\ 
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which breaking out by the fides of the hills, form Fig. 
little fprings, which will continue to run till thefe 
fources be cxhaufted, or more rain comes for a 
new fupply. Many of thefe fprings running into 
the vallics, form little rivulets 4 and feveral of thefe 
meeting together make a river •, and feveral of thefe 
meeting again, if- the way be long enough, forrti 
large rivers, which at laft empty themfelves into 
the fea. 

That the fun exhales as much vapour as is fuffici- 
ent for rain is paft difpute -, it has been proved by 
aftual experiments \ and befides it is the only procels 
that nature aflFords. The only difficulty is to know 
certainly whether the rain falling in a ycar^ be fuf- 
ficient to keep the rivers running for a year. In 
order to know this the area of fome particular coun- 
try muft be meafured in fuperficial degrees. Then 
all the rivers running from thence into the fea muft 
be noted, and their tranfverfe feftions taken juft a- 
bove the tide mark, at a mean depth, and a mean 
velocity. Then it will ieafily be known how much 
is difcharged in a year at all thefe fedlions of thefe 
rivers. Then the depth of the rain falling in a 
year being known by experiment, being in fome 
places 16 inches, in fome places 20, in others 30. 
Then a quantity of water whofc bafe is the whole, 
area of the country and of this depth, is the fund 
for a year's confumption. Therefore comparing 
thefe two quantities together, the queftion will be 
decided. A French author has made a computa- 
tion this way, for the country lying about the river 
Seyf^e in Fran:e^ and finds that 6 times as much 
water falls in a year as is fufficient to keep that river 
always running. Five parts out of fix are employ- 
ed in feeding of trees, herbs, and expence of va- 
pours, and extraordinary floods, and other wafting 
of the water, by finking into the ground. 

Dr. 
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Fig. Dr. Malley fays, the vapours that are railed 
pioufly from the fea, and carried by the winds to 
the ridges of the mountains, are conveyed to their 
tops by the current of the air ; where the water 
prefendy precipitates, gketing down by the clefts 
of the rocks ; and part of it entering the hills, is 
colleded into bafons or receptacles •, which being 
filled, the water breaks out at the fides of the hilk, 
where it can find vent i and forms fprings } feve- 
rai of which form rivulets, and many of thefe make 
a river, fuch as the Rhine, the Rhone, the Da- 
nube, &c. 

Thus one part of the vapours, is returned s^ain 
by rivers into the fea ; another part, by cold nights, 
fall again into the fea, jn dew or rain, which is 
much the greatelt part : a third part falls on the 
lower lands, and is the nourifhment of plants. 

All the phenomena of rivers and fprings confirm 
this account. For in a long drought, rivers and 
fprings grow very low, and are fometimes dry ; 
growing lefs and lefs as their magazine is more and 
more exhaufted. In mountainous places, the rivu- 
lets at the beginning are very fmall, but grow big- 
ger the further they go, by the accefs of other fmall 
parcels of water. Therefore the heads of all rivers 
are at the mountains. In places where it never 
rains, and yet have rivers ; thefe rivers come fi-om. 
places where it docs rain, but run thro* thefe coun- 
tries that have none, in their way to the fea ; but 
receive no augmentation in their way ; and in fuch 
countries there are few rivers, only fuch as are ge- 
nerated from dews and mill. That the fea is no 
bigger for all the rivers running into it, is becaufe 
the water returns back to the land, in vapours. It 
is found by digging into the ground, that all places 
at any great depth are full of water. If it was not 
fo» there would be no need of engines to draw the 
water out of mines. For the rains that fall upon 

the 
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the earth, not being immediately fcnt off by the ri* Fig, 
vers,- a part of it lying upon the ground muft gra^ 
dually fink into it, defcending tower and lower, 
thro* narrow fifiures and crcvifes; from whence 
none of it can return, but what breaks out in 
^rings, according to this theory. 

Cor. I. J'bere is a continual circulation of water 
from tbefea to the land, tiro* the air in vapours and 
rain ; am from the land to tbefea^ upon the eartbj by 
tbe rivers. 

Cor. 2. HencCy tbofe are tbe largeft rivers tbat run 
tbro* tbe largeft tra£t of ground. 

For the longer the trad of ground, the more 
rain falls, and confequefitly the greater any river, 
will be. The further they go, they are perpetually 
gathering. Such is tbe Danube running over a 
kngth oF above 800 miles, and at laft falls into 
the Euxine fca. 

Cor* 3. Wberever we find a large river^ in any 
♦ country known or unknown^ we may be fure of tbis^ 
tbat it runs over a large traS of land. But where on- 
ly fmall rivern are to be met witbj it indicates a fmall 
country. 

This may be of fome ufe.to thofe that are feck- 
iog after new countries. 

PROP. XVII. Prob. 
To draw a map of tbe world. 

A map is a geometrical draught or reprcfentation 
of any country, fhcwing the true fituations of all 
places contained therein, as to longitude and lati- 
tude. And likewife all mountains, rocks, rivers, 
lakes, woods, foreits, mines, fands, havens, and 
whatever is remarkable therein j and aifo how it is 

bounded 
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Fig. bounded by iea or land, on the eaft, weft» north, 
and fouth. 

It is an eflablifhed rule among all Geographers^ 
that the top or upper part of any map is the north, 
for Geographers always turn their faces towards 
the north pole, in viewing or defcribing the fev^- 
ral regions of the earth. On the contrary, Aftro- 
nomers, obferving the twelve conftellations of the 
zodiac, look towards the fouth. Priefts look to* 
* wards the eaft, and Poets towards the wefL 

There are feveral methods of drawing maps ufed 
by different people •, the principal whereof wc (hall 
here dcfcribc. 

1 Method. 

A map of the world muft reprefent two hemi- 
Ipheres -, and both muft be drawn upon the plane 
of that circle which divides the two hemifpheres. 
The firft way is to projeft cither hemifphere upon 
the plane of the firft meridian, by the rules of or- 
thographic projeftion, laid down before. And 
then upon another equal circle, projeft the other 
hemifphere by the fame rules. Here the meridians * 
and parallels are to be projcfted to every ten de- 
grees difrerence of latitude, and longitude ; or if 
you pleafe, to every 5 degrees. Upon the plane 
of the meridian, the meridians will be ellipfes, and 
the parallel circles all right lines. Upon the plane 
of the equinoftial, the meridians will be right lines* 
and the parallels of latitude will be circles. The 
fault of this way of drawing maps, is, that near the 
outfide, the circles will be too near one another; 
and therefore equal fpaces on the earth will b^ re- 
prefcnted by unequal fpaces upon the map. 

2 Method. 

Another method is to projcdl all the meridians 
and parallels by the rules of ftereographic projcfti' 
oxij likewife laid down before. And this is to be 

done 
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done for both hcmifphcrcs ; and may be either Fig. 
upon the firft meridian or upon the equinodiaL 8«. 
jAnd by this method all the parallel circles will be 
reprefented by circles, and the meridians by circles 
or right lines. Here again equal fpaces on the 
earth are reprefented by unequal fpaces in the map. 
For on the outfide^ the circles arc too far diftaht, 
and near the middle too near together. To remedy 
thefe things, another .method may be ufed. 

3 Method. 

This may be done either upon the firft meridian, 
or upon the equind£tial. For the firft meridian ; 
draw the circle PENQ for the meridian, thro' the 
center C, draw the equinodial EQ, and NP per- 
pendicular to it ; then P and N are the poles. 
Divide the quadrants PE, EN, N<X and QP in- 
to 9 equal parts, each reprefenting i o degrees, be- 
ginning at the equino(5Hal EQ. Likewife divide 
CP and CN, into 9 equal parts ; beginning at EQ^ 
Thro' the correlpondcnt points, draw the parallels 
of latitude. Again divide EC and CQ into g equal 
parts ; and thro' the points of divifion, and the 
two poles N and P, draw circles or rather ellipfes 
for the meridians. And another like projcftion be- 
ing made for the oppofite hcmifphcrc, the map is 
ready for inferring the feveral places -and countries 
of the earth. 

For the projcdlion on the plane of the cquinoc- ^^ 
tial, draw AQBE, for the equinoctial ; divide it 
into the 4 quadrants EA, AQ, QB, and BE; 
and e^ch quadrant into 9 equal parts reprefenting 
10 degrees of longitude. From the points of di- 
vifion, draw lines td the center C, for the circles 
of longitude. Divide any circle of longitude, as 
the firft meridian EC, into 9 equal parts, and thro* 
thefe points defcribe circles from the center C for 
the parallels of latitude. Then number them as in 
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I^ig. tHe %ur€. Lijcjcwifc draw the oppofit^ htmifph^Tfr^ 
aJFcer the jQ^e ]3i)ai>i^r^ a^d l})^ pro)e&iop is 3niib^ 

In fbi^ laft method, ^gua^l fpaqcs pfi th0 e^rth 
are reprefeiit^d by equa) maces on the cdap, as ^ipar 
as my prc^dioa will fuSer ^ £br a fpheru:ai iur* 
fyce can iio way b^ r^pre&nted ex^lf upQn a 
plane. Then the fcyeral cpjflntries of the wprlcL 
feasy i{la2|jd$»fe9.cpa4s, town^, &c« muft ipeplacea 
therein, according to their longitudes and latituaes^ 
for which the circles dready drawn are to be your 
^uide. 

All places jrcprefeDtiug hod are filled with fycb 
tKings as the coui;itries coptain ; but the leas are 
left white ^ the Chores adjpming to this |^a m\^^ be 
fhaded. Riyers are marked by ftrong Jiqes^ or ]by 
double lines, drawn winding in form of the rivers 
they reprefept ; aiui fmall rivens are denoted by 
imall lines. Pifferent countries an? bell coloured 
with different colours, or at leaf): th^ir borders 
Ihould be fo. Forefts arc reprefented by trees j 
and mountains fhaded to make them appear. Sands 
are denoted by fmall points or fpecks. Rocks wn- 
der water at^e known by a crofs. In any void plape 
draw the mariners compafs with the J 2 winds* 
Thefe general maps, or m^ps of the world, are 
called ^njfpberes. 

PROP. XVni. - Proh 
^0 draw a map of any particular country. 

I Method. 

In order to this, you muft firft know its extent 
^s to latitude and longitude; as fuppofe it lies be- 
tween the north latituqes 36 and 44; and extends 
from the longitude of 10 to 23 degrees ; fb its ex- 
tent from north to fouth is 8 degrees, a.nd froipi 
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weft to eaft 13 degrees^ This wiH be a map ofFig. 
Sfain. . - 

iTo proceed, draw the line AB fbra meridiaiH i o. 
palTinn thro^ the mkidle of" the countiy, on this let 
eS* £1 de^ees from fi tb A, taken from any conve* 
nient fcale. Let A be tiie ncHth point, 6 the 
fouth. I'hfo^ A and 6 draw tne perpendiculars . 
CD, £F^ for the extreme par^kls of latitude. Di- 
vide A 6 into 8 parts, dr decrees, thro* which draw 
the other parallels of latituae, parallel to the for- 
mer. 

' Next, to draw the tneridi&ns 5 divide any degree 
in AB into 60 equal parts or miles. Then as the 
length of'a ciegree in each parallel deci'eaies td wards 
the pole; from the table rrop. 15, take the num- 
ber of miles anfwering to the lat. of B, which is 
48.54 or 4^4) ^^ ^ from B, 7 times to £, and 
6 times to F ; fo c^ is divided into degrees. Again 
from th^ &me table, take the number of mites an- 
fwering to the lat. of A, which is 4g.i6 ; this 
ms^es a degree in the lat. 44. Therefore fet off 
43 mmutes, 7 times from A to C, and 6 times 
from A to D; Then from the points 6f divifion, 
to the correfppndent points in the line EF, draw 
fo many right lin?is, for the meridians. ^Then num- 
ber the de^ees of latitude up both fides of the 
map ; and the degrees 6f longitude on the top and 
bottom. In ibme vacant place make a fcale of 
miles •, or of degrees, if your map reprefent a large 
part of the earth ? this will ferve for finding the 
diftances of places upon the map. 

Then make the proper dirifions and fubdivifions 
of the country. And having the latitude and longi- 
gitudeof the principal places of the country, it will 
be cafy to put them do Wn in the map. For the place 
any town wftl be where the circles of its latitude and 
longitude interfeft. Thus Gibraltary whofc lat is 36* 
ii'; and longitude 12^ 27', will be at G. And 
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Fig, Madrsdj whofc lat. is 40* ic/, and long. 14* 44', 
10. will be at M. And thus the boundaries will be 
defcribed, by fetting down the remarkable places 
on the fea coaft, and drawing lines from one to a- 
nother. In like manner the mouth of a river mxift 
be fet down ; but to defcribe the whole river, the 
lat. and long, of every turning muft be fet down^ 
and the towns and bridges by which it pafies. And 
fo for woods, forefts, mountains, lakes, caftles^ 
&c. This way is very proper for fmall countries. 

2 Method. 

Maps of particular places are^but limbs of the 
globe, and therefore may be drawn after the fame 
manner as the whole is drawn. Therefore a map 
of any particular country may be drawn either by 
the ortbograpbic or fiereograpbic projedion of the 
fphere, as in the laft Prob. But as this is difficult 
to do in fuch partial maps, we {hall fhew fome 
eafier ways, as follows. 
10. Having drawn the meridian AB, and divided it 
into equal parts as in the laft metfiod j draw thro* 
all the points of divition lines perpendicular to AB 
for the parallels of latitude •, EF, CD being the 
extreme parallels. Then to divide thefe parallels, 
fet oflF the degrees in each parallel, diminiflied ac- 
cording to the table in Prop. 15, as was done for 
the two parallels EV and CD in the laft method. 
And thro* all the correfpondent points draw the 
meridians, which will be curve lines. In the laft 
method thele meridians were right lines, becaufe 
only the extreme parallels were divided by the ta- 
ble. This method is proper for a large country as 
Europe^ &c. And then the parallels and meridians 
heed only be drawn to every 5 or 10 degrees. This 
method is much ufed in drawing maps. And here 
a]l the parts will be nearly of their due magnitude, 
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but a little diftorted towards the outlide, from the Fig. 
oblique interfedions oi the meridians and parallels. 10. 

3 Method, 

Draw PB of a convenient length, for k meridi- 1 1 . 
an % divide it into 9 equal parts, and thro' the 
points of divifion, defcribe fo many circles for the 
parallels of latitude, from the center P which re- 
prefcnts the pole. Suppofe the height of the map 
to be A£f ; then CD will be the parallel pafling 
thro* the greateft latitude, and EF will reprefent 
the equator. Divide the equator EF into equal 
parts, equal to thofe in AB, both ways, beginning 
at B. Alio divide all the parallels into the fame 
number of equal parts, but lefler, in proportion 
to the numbers for the feveral latitudes^ as given • 
in the table of Prop. XV ; juft as the redilineal 
parallels were divided in the laft method. Then 
thro' all the correfpondent divifions, draw curve 
lines, which will reprelenc the meridians : the two 
extreme ones are EC and FD. Then number the 
degrees of latitude, and thofe of longitude, fup- 
pofing EC to be the firft meridian. And a Icale of 
equal parts, either of miles or degrees, maybe 
laid down for meafuring diftances. Maps are very 
commodioufly drawn this way, and it is cialled the 
globular projetlicn^ , Here alfo the parts of the 
earth will be reprefented of their due magnitude, 
excepting that they are a little diftorted on the but 
fides. 

When the place is but fmall that a map is to be 
made of, as if a county was to be map'd % the me- 
ridi^ans as. to fenie, will be parallel to one another, 
and the whole will differ very little from a plane. 
Such a map will be made more eafily than by the 
foregoing rules. It will be fufficient to meafure the 
diftances of places in miles, and by the help of 
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Pig* trigonometry, to lay them down in the map- An^ 
1 1 . this bcJongs mof^ properly to furveying. 

Cor. I . Hence J atPf place may he found which is 
in tben^a$ \ if its lajt^ih^ and ktifudf be ^jbm^ 

T^^ ^s fjoiie l^ cani^yiEig your Pyc atong 
parallel pf la;;ity4p i^. which the place lics» tilf 
yjQU np^et with i£$ CMrc^ of lo^huck^-, aad thci^ 
;I\e place wiU bi? fo^p^. 

Cor. 2. 4/i?w^ alfo^ the iiftanc(( of any tiJ9Q piaca^ 

ifh the map. may he found. 

' to do this, take the diftance of th? two pl^ce^ 

in your compafles, and apply it to the fc^le, and 

it wili (hew the difta^ice. If there is no fcale a|W 

>ly it to the flcje of the map, aii4 it wiU Ibew t^Q 

[ifta$ce in degrees. . 

If yow diftanee be largfo take fo^nje evea bjlv^Vt 
ber, in your compafles from the fc^g, as i oo ; ^(| 
turning it oyer and ovr^r from one pHec tp the Or 
tlir, going in a right line j th^ number of thelij 
turns, will ^ive the 4iftance. If any thing re- 
fnaiQS, apply it tp the fcale, %yhich will fliew how 
much the odd part comes tp. But after all, the 
diftanee is mpft exaftly known by fpherical trigo- 
nometiry, as was Ihewn in Frop. XIV. 

Scholium. 

Since no loaps de&ribed upon, a plan^ fur&ce^ 
can exaftly reprefent any part of the earth's furface^ 
which is fpherical, but the parts will be in fome 
naea&re diftorted -, and the more io^ the larger the 
portion of the ear^th's furface is, which is ta be re- 
prefentcd. Therefore Geograpk^s* have invented 
the terreftrial globe, on which they deliij^eate all the 
parts of the earth's furface ; which therefore will 
give a true and exaft reprefentation of every part of 
it. And the fame may be done for any fegment of 
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&'^herkii feriace v arid then a map drawn upon Fig. 
ftied ar portion of the Ibi^ceof the %here will fi« 
alib givit' ^ trtit nspf ekrlf aieioft of f he coiimtfy def* 
€>%e<$. Aiid fvi^h a pdflK ^ a coni^ftr faittcd is 
capable o# b^iitg nyadif tO' a mui^^ larger dl^^et «r 
than a \^Iio)e gfot>e cm, Thde iMy be made of 
thint ^dnt^S fliells of pafteboard, for mdd M the 
ifi^Hded^ rttdkisv ancl tAe niap pafted on, p4c^€ bf 
jkeee. And each pi€^ mfiU be beft made i^ form 
of a tw^ of ID degii>Msf inf breadtk^ Aiid eacli- 
2Ckie wH be nearly a ^^oitiM Of a ^onid furface in- 
citiiding, zty§ t^uchkg, ^ ^efe in^ tkc middk of 
that zidM. And' tha« part of tM conieai iurfaccf 
beii^g tmrblkd or tjtttnde^ iMb a* pllltlev is die 
be^tont pai%' of thd fe^r 6f a^ cR*-t4ei. Arid ^hufc!^ 
foife fei^ft piec^9 ar^ <^1]f dbferib^d; ^ <?h^ ra- 
<fiu&^ei«of i^ t^e taMg^ilt 6f th<^ diOs^i^e of t&o 
gri^a^er ck'cfe <^f the 25<5nel fk)M it^ p^ ; ahd its^ 
breadtft, tha* of did zGlncl (h^ degrees^)*; amtf ita« 
length, tht cii'ccHnfference of the zotte. Thefe 
ztmesf thus cut out^ muffi fii* be pdwtedj whiift m 
plahGK, and then' pa^d ori die iegnlen€ of the globe^ 
one ^^t^ another. And this wilt ebiiftitute a- kind* 
of ^herkaP niapi 

PROP XEt. 

If a man- traveirwe^arit'{or/ailffn^^fiip) (^iti 
r<?md tie earthy till be comes lo the place he depart^ 
eipcQm\ he will kjk a da^ in his rechnittg^ But if 
he travels eafiwanJ^ round' the gJaie^^ he wiR gain a 
daj/^ V)h£jt he cmes tti the fat^. place ^gain. 

For fuppofe him that travels wcfl:wafd,CQntinually 
to keep pace with- the fiin^ till he arrives at the firft 
place ; It is evident he has continual dayj and 
therefore it is the iame day to him^ all the while. 
But thefe pedple that remain at the place departtd^ 
froni/have had night in the mean time; confe- 
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Pig- quently they reckon a day more than he doesJ 
11. And the cafe is the iame if he does not keep {>ace 
with the funi provided he ftill goes weftward ; for 
by doing fo he gets continually into more weftem 
longitude, by which means every day is lengthened, 
fo much as he changes his longitude. And at laft 
arriving at the iirll place, be has changed his lon- 
gitude to 360 degrees, which amounts to 24 hours 
or I day, that they have all been lengthened ; and 
therefore he has loft fo much in his reckomng. 

Again, fuppofe him that travels or fails eaftward, 
to perform his journey round the earth, in. a very 
fmail time -, fo that when he arrives at the place de- 
parted from, the fun is ftill up. It is plain, the 
lame day continues to the inhabitants he left ; but 
in the mean time, he has had one night ; and tbat^ 
when be was oppofite to the fun ; and is now come 
into day-light again ; and therefore he muft reckon 
a day more than thefe inhabitants *, that is, he has 
gained a day. And it is the fame thing if he tra- 
vels or fails flowly eaftward 5 for he continually 
comes into more eaftern longitude, by which every 
day is fo much ihortened, which in the whole cir- 
cumference amounts to 24 hours or one day. And 
his days being ihortened by 24 hours, the number 
of them muft be fo much greater ; that is, the fai- 
lor reckons one day more than the inhabitants. 

Cor. Hence if one man fails or travels wefl^ ano- 
ther eaft^ andd third remains in the fame place 5 what 
isfriday to the ivejlem failor^ will be faturday to the 
inhabitant^ andfunday to the eaftern traveller^ when 
th^ all meet again. 

For he^that fails weft has loft a day, fo fafurday 
will be friday.to him. And he that fails eaft, has 
gained a day, and therefore faturday will be fun- 
day to him- The inhabitant remaining in the fame 
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place, neither gains nor lofes; fo that funday isFig. 
ftiU funday to the inhabitant. i k 

PROP. XX. Prok . 

To defcrihe ibe general affeSions and properties of 
the earthy &c. 

It has been (hewn before that the figure of the 
earth is Ipherical, or rather of a figure inclining to 
the fhape of an oblong fperoid 5 and that the earth 
and fea together compofing one body, both par- 
take of the fame figure ; and that is, without ta- 
king notice of the fmall irregularities upon its fur- 
face, infcnfiblc in refped of the whole. We have 
likewife (hewn the origin of rivers, and the caufe 
, of the ebbing and flowing of the fea. Likewife 
the various phaenomena peculiar to the feveral in- 
habitants of the globe, in different zones of the 
earth, have been dcfcribed. Its diurnal motion 
round its axis, and annual motion about the fun 
have been Ihewn in the Aftronbmy. But there arc 
feveral adjunfts or peculiarities belonging to the 
earth, which we muft fpeak of in this propofition. 
And, 

I. The body of the earth is every where fur- 
rounded by a body of air called the Atmofphere. 
This body of air reaches to the height of 50 miles 
or more above the earth, as is gathered from the 
beginning of twilight, which is when the fun is 1 8 
degrees below the horizon. But notwithftanding 
this great height of the atmofphere, it grows conti- 
nually thinner and rarer, the higher we afcend. This 
fluid body of air is extremely light, being at a mean 
denfity 800 times lighter than water. It is likewife 
extremely elaftic, as the leaft motion excited in it, 
b propagated to a great diftance. It is likewife in- 

vifible, 
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Kig. vkiUe, ks exiftence being onljr fenfible' fhm t!ie 
IX. efib&s it produces. 

Air is fo neceflfary to the life of man and other 
living creatures^ dial no- animal' on the earth can 
live withaut it. If aAy anknal is deprived of this 
breath of lifb, it inffantiy dies. And even if the 
fame air be breathed over and over again, it 
Ipifis Its vivifying fpirit^ and becomes ufelbfs ^ fo 
that an animal breathing ibch air, without a fup-, 
piy of frelt air,, will die. in a very little time. So . 
neceiTary is frcfh air to the fife of animals, that 
there is ao living withaut it ^ and to be deprived o£ 
it,, is immediate death. 

Air is Ukcwjfe the vehicle oi found *^ and this ari- 
les from its' clafticity. Fox a body being ftruck or 
put iniio any tremulous motion, communicates the 
lame to the air,, which, by its great fubtilty and 
dsrilicity,. ik fiilceptiblc of aoy motion. This mo- 
tion is then conveyed, from that body thro' the in- 
termediate fpace, to the ear,, where it ftrikes the 
tpn^MiAttt^ and excites the like motion in the audi^ 
tory nerve, and gives the (enfation of found.; and 
particular motions^ thus excifle particular forts of 
found. One fort is difcourfe, another is mu(ic and. 
harmony,, and another difcoxd aad noife, Sce^ 

To this fubde, elaftic,. property of the air,, is 
- owing that peculiar privilege we enjoy above atf 
other creatures, that we can converfe with one ar 
ifojther. For by the hdp of articulate found, thus 
conveyed to the eap of another perfon, we can at. 
the fame time convey to him our thoughts, and ftn- 
timent&v and he recipjpocally can return hi». And 
ihus we can converife with one another on all forts 
K^ fiibjefts With extreme eale asnd delight. So that 
this property of the air,, is entirely the cawlfe and 
origin of diat noble fenfe of hmring, v and of that 
ineftimable faculty of converfation. They that are 
deprived of the fenfe of hearing are in a miferable 

condition i 
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oMidifeioii ; and cfpeeially if tbcy have been always Fig* 
in that ftate. For people bom dwf are quite defti- 1 1. 
tme oi any language, as tiiey caftnot be acquainted 
with any fort cdF y^ord^; an4 confequently all their 
other faeuhies will be ^Imo^ ulele^ to them. 

Anotherproperty of the air is, that it is expande<| 
by heat, and condenfed or cQntra&ed by cold •. anj 
feom heaec is the origin of winih. The wind is 4 
ciHir^t or dream of air moving from one place to a- 
nether ; and the principal caafe thereoiP, Is the heat 
of the fun. This he^t afting upon fome part of 
the aip, c^ufes it to expand and grow lighter, con- 
fequently it mtift afcerjd,^ whiw the air adjoining^ 
which 15 denfer and heavier, wiH prefe forward to- 
wards the place where/it is rarified and afcending^ 
to- keep up the ec^uilibrium ; and^^t motion of the 
air Gonftitutcs the wind. Hence in any place where 
the wind blows the air is rarified and lighter, as i^ 
evident from the facing of the barometer in high 
winds. As the air is by its own, nature extremely 
fluid, it yeildi to any^ the leaft motion exerted on 
it, and tfe?reforeit is haixflyever atreft, or conti- 
nues any confifderable tin[iein fuch aftate. As thefua 
moves from eaft to weft, it rarities the atmofphere 
as it goes* round^ the earth ; and hence in the torrid 
zone, the motion of the wind is froni eafl: to weft» 
In the heat of the day gentle breezes blbw from the 
fea te the land, becaufe the earth is more heated 
than the fea, and rarifi^es the air pvet it, Several 
other eaufes may Rkewife concur to the produftion 
of winds, as hot exhalations, rar^aftion, or deC- 
eending of ctouds, or any thing dtat condenies the 
air. 

Tho*^ Zf great deal- of mifchief i$ lometimes dbne 
by high winds and tempcfirs ; yet the wind is ex- 
ceedingly ufefol in the affairs of lift;, as long as it 
keeps within d\ie bo.unds. Without the wind there 
would be- no navigation, and without navigation 

there 
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Fig* there would be no trading from one country to ano* 
1 1 • ther, and confequently no commerce, no merchan* 
dize« Nor would it be poffible to get from one 
country to another far diftant country. The wind 
alfo clears the air, and rids it of thefe noxious va- 
pours that are fo prejudicial to our health, and the 
caufes of almoft all diftempers. And thus by keep* 
ing the air in continual motion it keeps it pure and 
wholefome. A ilrong wind will move through lo 
yards in a fecond. And a tempeft will run over 
45 miles in an hour. 

Another property of the air is, that it is capable 
of fufpending thefe vapours from which rain is 
generated. For the fun's heat rarifying the parti- 
cles of water, and transforming them into vapour ; 
thefe vapours being ipecifically lighter than the at- 
mofphere ; they will afcend, till they come at fuch 
a region of the air, where the ipecific gravity is 
the fame. There they wiU remain in the form of 
clouds ; where being toflcd to and fro with the wind, 
they will at length be reduced to fmall particles or 
drops of water, and afterwards into larger drops, 
which will then defcend in mift, dew, or rain. 
Hence without the air we fhould have no vapours, 
no clouds, no rain •, and confequently no produce 
from the ground. And the earth would be nothing 
but a ufelefs, dry, barren heap of matter, unca-, 
pable of producing any fruit for the fupport of 
our lives. 

From the fluid nature of the air it likewife fol-r 
lows, that the atmofphere muft alfo be fubjed to 
the difturbing forces of the fun and moon 5 and 
therefore thefe forces will generate a tide of air, 
or the flux and reflux of the atmofphere, twice in 
25 hours, after the fame manner, and for the fame 
reafon, as they caufe the flux and reflux of the oce- 
an. And confequently, thefe tides of the atmo- 
fphere muft be bigger at the full and change, and 

at 



Sea. I. G E O G R A P H Y. 6i 

at that time raife a fenfible commotion in the at- Fig. 
molpliere, which at thofe times may fenfibly afieft ii. 
valetudinarians and weak conftitutions. 

71. As to the furface of the earth, it is not per- 
fcGdj fmooth and even, but is every where in- 
terfperfed with billsy mountains^ vallies^ rivers^ &c. 
If the earth was perfectly level, there could be no 
fuch .thing as any rivers, for no water can flow, but 
from a higher to a lower place ; and therefore upon 
level ground it could not run away ; the rain that 
falls in any place muft always remain there, till it 
finks into the earth or be dried up ; in fome pla<* 
ces it would Hand and putrify, and fill the air with 
unwholefome lleams and vapours. The face of na- 
ture having no variety, would have no beauty, and 
would appear with no pleafing afped. On the con- 
trary, experience (hews us that all countries abound 
with mountains and rivers, which is not only the 
greateft ornaments thereof, but the moll advanta- 
geous for the inhabitants. Upon plain ground, a 
man's profpeft is very much limited, but from the 
top of a hill or mountain a large profpe6^ lies 
open to his fight. Here he can view with plcafurc 
cattle feeding on the hills, rivers running in the 
vallies, the vaft variety of trees and plants with 
which the ground is enriched, and all the houfes, 
towns, caftles, &c. that are placed there, for a 
great many miles. This makes a grand appear- 
ance, and gives a juft idea of the extent and beauty 
of nature. The mountains by their height fecure 
the vallies from cold, from winds and tempefts ; 
and by keeping them warm, make them fruitful -, 
whilfi; the rivers by their turnings and windings be- 
come ufeful to many places. 

As all rivers are upon the defcent, therefore in 

going from the mouth of a riy^r, the grpund muft 

continually rife from the fea, all the way to the 

Ipring head. And therefore the longer any river 

- is. 
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Fig« is» the higher the ground will be at the head of it 
lii And therefore fuppofing fdr every mile a defcent 
of 2 feet ; in fuch a river as the hanube^ which funs 
thro* more than 800 miles of ground, the fpring 
head will be more than 500 yards above the level 
of the fea & and the mountains will be ftill higher* 
So that the middle of any continent nnift always 
be a great deal higher than the iel coafts. 

That there has always been mountains from the 
beginning* is as certain as that there has always 
been rivers. For they were as neceflary at ferft for 
every purpoie, as th^ are at prefent. Alfo all 
mountains and high places have always been de- 
creaiing and growing lower. For rivers running 
near mountainous pkces, do bj degrees eat away 
the feet of them, where parts or them being under- 
minedi tumble into the river,, and are waihed down 
the Ibream. Rain falling on the tops of mountains 
wafh away the loofe parts, and undermine the ib- 
lid parts which in time wUl tumble down. Thu!5 
old buildings on the tops of mountains are obferved 
to have their foundations laid bare, by the gradual 
waihing away of the earth ; and at laft fall dowtu 
In plains and vallies we find it quite contrary. 
For the matter wafhed down from the high places, 
fill up the low places, which by that means are 
railed higher, whence it k, that ancient houfes 
built in vallies feem to have Aink a great way into 
the earth, occafioned by the earth being riifed high- 
er than at firit. For the iame reafbn a deal of the 
mud, flime, land^ and earth, that is continually 
wafhed down from the higher places into the rivers, 
is carried down by thcfe rivers ; by which means 
the mouths of the rivers are by degrees choaked 
up, to the great detriment of navigation ; and at 
the fame tiirie a part of thid fand a»d rubbifh is^ 
carried into the fea. Upon the whole, as the high- 
er parts are always defcending, and the lower parts 
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fiUingup^md lifiog, the <eaithi$ cootinoaUf aip«Fig. 
prpachiDg to a levels tho' by very How degrees. it. 

In former times many mountains were covered 
vmhUr^i^ni thick wqq(^ which Aieltcred them and 
the adjoining plains from the rigour of the cold. 
In later times, mm having much occafion for tim- 
ber, for the building of houles and (hips, &c. have 
cut moil: of thetn down » and large woods are not 
fi> common now4&s in forn^r times. It is obferved, 
that trees thrive beft and grow largeil, where there 
is plenty of heat 4ind plenty of moifture. 

As to the height of mountains there are various 
^ecQimts. The ancients reckoned their heights a 

reat deal more than they really are, making 

me of them many miles biffh. But later ob- 
iervations have diewn us, that tew or none of them 
are above 3 miles high^ The pike of Timriff one 
of the Canary iflands, has been meafured toa^ miles. 
And Sttowdsn btll to ^ of a^ mile. It is extremely 
cold oa the tops of all mountains, even under the 
^quino&ial ^ lor the tops of them are for the moft 
part covered with fnow ; except it be in fuch of 
them as have any Valcanx!s within them. And 
thefe Volcano's are generally in fome mountain, as 
^t b mount Etna^ n[K>unt Vefuvm^ &c. It has 
been obferved, thatthereare mountains in the moon 
3 times as higha3 any on the earth. 

3. We have already fhewn, that the fea togeAer 
with the earth makes one globe, that it ebbs and 
flows* twice in near 25 hours, that it furnifhes m^t* 
ter for vapours and rain. But it is likd^ife of in- 
finite fervj.ce to trade and comn^eree : for if all the 
globe was earth, it would be impoiTible to trade 
to far diftant countries. Such long jouraies could 
not be performed by land ; much leis could any 
traffic be cij^rried on,^ or any goods tranfported to 
or fron^ places ib far diftant ; all which is now done 
by fhipping, with incredible eafe. So that if there 

was 
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Fig. was no fea to fail on, there would be no fliips to 
J I. fail ; and cotifequently no trading to foreign parts 
in any kind. 

The faiinefs of the ocean is the peculiar proper- 
ty of fea water. How it comes by fuch a qualitjr 
has been a matter of difpute. Dr. Halley is of o- 
pinion, that it may acquire that property gradually. 
For he imagines the fea was frcfli at firft, but by 
the rivers running into it, and carrying with them 
fuch faline particles, as they have imbibed firom 
the earth, they palled thro* ; thcfe particles of lalt 
are then depofited in the fea, where they muft re- 
main ; for nothing evaporates from the fea but frefli 
water. So that the faitnefs will continually increafc, 
as long as the rivers keep running into it. This is 
his opinion, or rather his hypothefis, which he 
propofcs to have tried. Others imagine, that there 
are a great number of rocks of fait difpcrfed thro* 
the earth at the bottom of the fea, and from thefe 
rocks it acquires its faitnefs. But whatever be the 
caufe, the raft is fo ; and this quality may fcrve to 
keep the water of the fea pure and good, to which 
the motion, by the ebbing and flowing of it, may 
contribute. 

Another property of fea water is. that when 
it is abfolutcly fait it never freezetb. This proper- 
ty is proved by manifold experience ; and is fatd to 
arife from fomething of a hot fpirituous nature 
which is contained in the fait. In the north leas, 
failors frequently meet with huge rocks and iflands 
of ice. But thefe don't conlift of fait water frozen ; 
for they frequently get large pieces of the ice, and 
thaw it, and always find it frelh, which therefore 
they take for the ufe of the Ihips. This ice there- 
fore is frozen in the rivers, and in fummcr when a 
thaw comes, the ice is all carried down the rivers, 
and driven into great heaps, where they float in 
the fea, as the failors find them. It may be ob- 
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fervcd, that fea water is denfer and heavier than Figt 
frelh wsLtev 5 which is owing to the fait it is preg- 1 1 • 
nant with. 

To find out a paflage to the Eaft Indies by the 
north eaft, or north weft, has long been wilhed for, 
and often attempted, but without any fuccefs ; for 
the quantities of ice that float up and down in the 
northern fqas, makes the navigation very dangerous, 
and the. fea almofl: impaflable. And this feems to 
make it improbable that there is any fuch paflage to 
be found* For great quantities of ice, argue great 
quantities of frefli water, and the(e denote great 
rivers, and thefc again denote a large extent of 
land. And therefore if there be any fuch paflfage, 
it is only thro* fome narrow fl:raits -, and conlequent* 
ly could be of Utde ufe if known ; fince in that 
pant of the world, fuch fl:raits muft almoft always 
be blocked up with the ice, which wouici render 
foch a pafliage either ufelefs or very dangerous.' 
Hence it will he the bed way for thofe that would 
attempt fuch a voyage, to endeavour to get into 
an open fea, where there is no ice, and purfue 
their voyage therein as far as they can ; for then 
they may be afliired they are far from land. But 
thefe heaps of ice are certain iigns of an adjoining 
country. 

Concerning the iflands every where difperfcd 
thro* the fea, wc ihall fpeak afterwards ; as like^ 
wife of the fevcral continents, and the countries they 
contain. 

4. As to the infernal parts of the earth, we are 
not fo well acquainted with thefe, as with the exter- 
nal. For it is but a very little way we can penetrate 
into it, to make any obfervations. In the digging 
or working of mines, we meet with all ibrts of 
earths, loom, marl ; all forts of ftones, as pebbles, 
freeftone, marble, alabafl:er, fpar, flate, chalk ; 
alfo fand, clay, coalj oars of a! I forts and roetais, 

F gold. 
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Fig golJ, filver, lead, iron, copper^ tin ^ all foitt eC 
1 1 . minerals, nitre, fulphur, falc, alunl^ boles, oker, 
vitriol, borax, cinnabar, antimony, arfedic^ bif* 
miJth) be^baf, and infinite others which afe CWk- 
tained in the body of the earth, fometknos pure, and 
fometitnes mtxc. 

All thefe different forts of fubftances within tht 
earth, are dlfpofed of in certain layers, beds» or 
(trata, which compofe the body of tbe earth ^ e^cli 
kind in its own bed. In fome places, they are feat- 
ed nearly according to their fpecific gravities i in 
others not at all fo, but lye in a very confofed order. 

In feveral pslrts of the earthf there arc found 
{hells refembling the (hells of fiihes, and their botes, 
and likewife vegetables, fometimes very deep in 
the ground. As to the (hells of filhes, fame are of 
opinion that they have been brought there at the 
time of the flood, when all things were in a ftate of 
confufion, and promifcuouay mixt with any other 
bodies that happen to be there ; and thdt thiey have 
lain there ever fince. Others fuppofe that thefc 
(hells are generated in the beds wherein they are 
found, and that the earth may be as fit fat the pn>- 
duftion of fuch bodies as the fea. And this feems 
to be confirmed from the fubftance of the (hells 
being the very fame with the fubftance of the fhone,- 
or other bodies they adhere to ; and likewife oi the 
i'ame fpecific gravity therewith ; which would not 
be fo, if thefe, were real (hells. Some people will 
likewife' have fucH trees as are buried deep under 
ground, to have laid there ever fince the flood, 
a thing quite improbable, and the more fo, becaufe 
other reafons may be aifigncd for their coming 
there -, as has been proved in feveral inftances be- 
yond contradidion; 

5. The liirface of the earth is not only made ha- 
bitable, but enriched with all forts of herbs, plants, 
tVuits, roots, Sec. neceffary for the life and fupport 

pf 
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of all animals^ of which, man is the principkh Fig» 
tlpori this earth we are born, we live, and we die, 11. 
it is oUr deftined haoitation. Wheii we are born, . 
the earth like a tender mbtner rcceires us into her 
lap; {be feeds and cloaths us whilft living; and at 
laft kihdly receives us again into her boforii, and 
covers us, Where we reft till the dilTolution of all 
things. ^ 

The animals that inhabit tfee earth lare divided in- 
to four' general kinds, i. Men. 2. Beaits,^ thefe* 
are reckoned land animals. 3, Birds, whofc ele- 
^ieht \s the air. 4. l^ifhes, which dwell in th'e 
Jea or element of water, 'to thefe, if yoq pleafe, 
you miay add all the tribes of infefts. .The feveral 
forts of animals are lb well known as to need no de- 
fcription rf'mine; and befides I,am not writing ft 
book of nacutal hiftory, but a mathematical trca- 
tife. 

. P k P. X^L Pr^i. 

^gi've acctfintoffucb remarkabk changes as have 
happed ic ibe edrth itifeveral ages of the world. 

Thai the earth has untdtrgone fcv^dl changes 
•and aherations, all hiftory will tcftifyi To pafs 
by futh chat^jcs as happen by the defcendihg of 
the earth, ftdm the hills, and filling up ' tfte val- 
lies, rfnd ftopping the mouths of rivers and fuch 
like matters, whith are gradual, and much the 
iamc in all ages, afid natural to the eafth : I think, ' 
the more remarkable changes may be reduced to 
two general caufes, and thefe are floods and earth- 
quakes. 

1. As to floods, th^fe have been three remarka- 
ble ones recorded in hiftory. The firft and moft 
terrible is th^i oi Nbab^ which is faid to have over- 
flowed the whole earthj and drowned all the living 
creatures thereon, except fuch as faved themfelves 
in an ark. . Concerning the caufe of this flbod, 

t^ 2 fomc 
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Fig. fome fuppole it brought about by natutal caufes 5 
1 1, ^nd others, by nothing lefs than a divine power. 
Thefe that are for natural caufes, in^agine a comet 
to have paffed near the earth at that time ; and by 
its approach, to have raifed a very ftrong tide, 
which would increafe as the comet approached the 
earth. The effea: of this would be, that this great 
tide would lay all places under water ; and would 
confequently drown all the inhabitants fo far as it 
reached. That fuch a caufe of this is capable of 
producing this difmal effe£t, is very evident. For 
if fo fmall a body as the moon, at the diftance 
of 60 of the earth's femi-diameters, be able to raife 
a ftrong tide in the ocean, of 1 2 or 1 5 feet high ; 
a comet as big as the earth, and coming very near 
it, would raife a prodigious tide, capable of over- 
flowing all that fide of the earth which is next to 
the comet, and alfo the oppofite fide. But then 
this could not drown all places at once ; for at the 
quadratures, or in thofe places, which have the 
comet in their horizon, they would have as great 
an ebb. But then it would have this efFcft, to over- 
flow and drown all places fuccellively. For this 
huge fpheroid of water, always pointing towards 
the comet, would by the earth's rotation pafs over 
all the countries of the world ; and therefore in the 
fpaceof 24 hours, the whole earth would be in- 
volved in water^ and all animals as efieftually def- 
troy ed as if the water ftaid 1 50 days upon the earth ; 
efpeciajly as the earth muft needs make feveral ro- 
tations after this manner, before it could get clear 
of this difturbing force of the comet. The natu- 
ral and neceiTary efFeft of all this would be, that by 
fuch a prodigious and rapid motion of this vaft bo- 
dy of water round the earth in 24 hours, all plants • 
and trees muft be torn up by the roots, and car- 
, ried along with the current -, all buildings demolifti- 
ed i the rocks, hills and mountains daftied in pieces, 

and 
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and torn away; all the produft of the lea; as Fig. 
iiihes, fhelis, teeth, bones, &c. carried along wich 1 1. 
the flood, and thrown upon the earthy or even tp 
the tops of mountains, promifcuoufly with other 
bodies ; hardly any thing could be found fkrong 
enough to withftand its force. In fuch a cafe as 
this it would be impofllbie for any ark to live (be 
prefervcd) at fea, or the ftrongeft man of war that 
ever was built. The like vaft tides would alfo be 
raifed in the atmoiphere, attended with the moil: 
violent commotion of all the body of air ; the con- 
fequence whereof would be continual rains. In 
this cafe no place of fafety could be found for any 
animals, except they had the good luck to be upon 
fuch a high mountam as was without its reach. 

Thofe that fuppofe the water to be over all the 
face of the earth at once, are forced to call in the 
power of omnipotence to efFeft it ; for it is a thing 
impojfiible by any natural caufe, to produce fuch an 
effcift. Therefore in order to preferve mankind and 
other animals, God was pleafed to order an ark to be 
built» to contain a few of every fpecies of animals,, 
which were afterwards to replenifh the earth. As 
this ark, with its contained animals, was to {mm 
upon the water of the deluge, all the time of its 
overflowing, the earth; it was neceflary that this 
flood of water fliould be perfectly calm, and free 
from all ftorms and tempefts. For if the ark came 
to be tofied about in a tempeftuous and raging fea,. 
or deluge of water ; from its flru&ure and magni- 
tude, it muft inevitably perifh, with all its freight 
of animals. But I believe it would be a perplexmg 
affair to make out bow fuch a tumultuous concourfc 
of water ihould be fo very quiet and ftill, lo clear 
of winds, ftorms and tempefts, as is here required. 
And if this was granted, it would ftill be equally 
diflicult to account for another phasnomenon ; that 
isj, haw all fhelis and marine bodies, fhould be 
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Fig. thrown upon the land, or even to the tops of moun* 
1 1 . tains by fuch a ftill water ; and many of them bu- 
ried deep in the earth ; this efftft is not at all re- 
concile^ble with liich-a fuppofition. Therefore it 
docs not appear that both thcfehypothefcs can be true. 
For the calm fea, neceffary ibr preferving the ari;^ 
could moye none of the IhcUs ; and the rough fea^ 
necefiary for tranfporting the Ihells, would deftroy 
the ark. The reconciling thefe things is nqt pafy ; 
and perhaps here, as in other fuch cafes, our only 
refuge is, when we are pinched with aqy difficulty^ 
to cry out for a divine power. Yet the Almighty 
generally brings about his purpofes by natural 
caufcs. But be that as it will, it is certain, that 
fopc; time or other this earth has fufFercd a mo(l yU 
olcnt fhock, concuffion or agitation by fopie caufe 
or Qther, unknown to us ; but which manifeftly 
appears by its efFeds. 

The next flood we have ^n account of, is that of 
Ozyges ; this flood overfloYred all Auicc{^ a country 
in Greece joining to the Mediterranean. This flpod 
h^^ppened in the time of Ogyges^ who was king 
thereof, and dwelt in 2 j&/^(?j, a city pf his owp 
building. Tl^is country is a part of what is now 
Called AchaiUy being a part of Greece. 
, 1^\\^ next remarkable flood was tjiat of B^ucafion^ 
celebrated b^y the poets, efpecially by Ovid. This 
flood overflowed all ^heffdfy^ where J)e^calion lyas 
king. This country of Theffaly is a part of Qr^ece^ 
an,d joins upon the fea,. 

Besides thefe floods, there is no dqybt \f\\t great 
floods have happened in other countries ; but the 
people being ignorant of the ufe of l^ttei^s, no ac- 
cpunt thereof is tranfn^iitted to us. All thefe floods 
muft needs make great havock and devaftatiop \^ 
all the countries where they happen ; by derxioliibT 
ing towns, plants, trees •, by beating and waflyng 
down mountains j and leveuing- the low grounds ; 
^ • by 
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by filling up the channels of rivers, and changing Fig. 
their edurftsj by covering all the country with ii. 
(lime and mud, and giving a new face to the 
earth 5 by breaking off part of a country, and re- 
^ucin^it to an iOand } and by inundations breaking 
into the land and forming gulphs therein. Thus 
fame have fupppfed that Sicily has been divkkd 
from /tafy ; Spain from Barbary \ and, as fome fay, 
Emland ff om France. 

The violence of the wind alfo much increaies 
the depth, and turbulent motion of ^ flood, eipe- 
cially in fuch inundations as proceed from the iea. 
Thus high winds and tempefts frequently caufe the 
iea to traafcend it$ ordinary bounds, and trefpafi 
on the land, to the great lofs and danger of the 
inhabitants. Thus it happened in Zealand and 
Ifolland^ where feveral towns with multitudes of 
people were fwallowed lip by the fea j occafioned 
by the violence of the north wcfterly winds. 

Several inundations or floods have alio happened 
in Egypt, by the. overflowing of the NSc, as is 
reported by fever^! hidorians, and the like in a 
great many other place?. 

2. Earthquakes are another great caufe of the 
changes made in the earth, and the defolation of 
feveral places^ to the ruin of the inhabitants. An 
earthquake is a violent fliaking of fome large part 
of the earth, fuppofed to be caufed by a nitrous 
and fulphurcous vapour ineludtid in the bowels of 
the e:u-th, which by fome accident taking fire jaro- 
duces an enplofion, which occafions thefe terrible 
motions and ftiocks of the earth at that time. The 
firing thefe fuiphureous vapours, maf be owing to 
their fermentation, or to the falling of rocks aqd 
ftones within the hqllow places of the earth, and 
flxiking fire againft one another. 

Thunder and lightening arifesmuch from the 
feme caufey for the nitro^fulphureous^ vapours, ex- 
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F^g- haling out of the earth, and Seating about in the 
} ^» air, at laft by their fermentation take fire, and pro* 
duces that dreadful explofion called Thunder. 

The violence of earthquakes is (bmetimes fo great 
as to fplit and tear the earth, and caufe it to open 
for many miles; gaping at the exit of the ignified 
vapour^ and clofing again after. And ibmetimes 
tearing and disjoining the ground, fo that after the 
ihock, it immediately finks % and thus a hill or a 
mountain is fometimes reduced to a great pool of wa- 
ter or a lake. After this manner feveral confiderable 
tracts of land, with the cities and towns, plants 
and trees, have been fwallowed up, and totally 
funk. 

The ftrength of this confined vapour is (b great, 
that it forces up ftones, water, earth, and all things 
that fall in its way, with a very great impetuofity, 
calling them fometimes to immenfe diftances. In 
this manner they are thrown out of the mouths of 
Volcano^ or any place where the inflamed vapour 
can find vent, or break open. And from the heat 
of the inflamed vapoyr, which forces out thefe bo- 
dies, they are all of them alfo heated and inflamed 
thereby •, fo that flames of fire are fometimes feen 
to proceed out of the earth, with great quantities 
of melted metal or metalline fubftances. Great 
, floods of this kind are generally thrown out of 
burning mountains. 

When this happens in a place feated underneath 
the fea, the motion of the earth below, pvits the 
fea into horrible tumult, making it rase and roar, 
with a hideous noife, railing its furface mto prodigi- 
ous waves, which are rolled and tofled about in a 
furious manner, overfetting and finking fliips, or 
throwing them on the land. By this, the fea is 
taifed far above its ordinary height, and deprefled 
again as far below. And thus it continues in the 
moft extreme agitation, till the hot vaporous mat* 

ter 
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ter be*all fpent and difcharged ^ and then the earth- Fig. 
quake ceales, till a frelh coUefUon of this fulphu- 1 1. 
reous vapour produces another. And this fulphu- 
reous vapour difcharged into the atmofphere may 
furnifli niatter for thunder and lightening ; as they 
arc both generated from the fame caufes, and re- 
quire the lame matter for both to work upon. 

The fhock of an earthquake is always idt at the 
fame moment in all places, tho* it has fometimes 
been known to reach many htmdred miles ; and al- 
tho' the feveral places be parted by the fea lying 
between them. 

Mountainous countries are the mod: fubjeft to 
earthquakes ; for mountains are commonly ftony 
and hollow within, and therefore fit to receive thete - 
vapours ; and particularly fuch places as contain a 
great deal of fulphur and nitre, are of all others 
the moil fubje6t to earthquakes, and generally fuf* 
fer mofl thereby. Such combuftible matter taking 
fire will burn for a lon^ time, and fend out vaft 
flames with a horrid noife, as is frequent in mount 
Eina and Vifuvius^ and all fuch places. And thcie 
Volcano's are of ufe for difcharging the matter, and 
preventing worfe confequences. 

Earthquakes are far more frequent than great 
floods ; not one age pafles without feveral inltan- 
ces of this fort, with their direful effefts, fuch as 
finking of towns and mountains, as happened 
lately at UJbon. The changing the land into fea ; 
and the fea into land, by throwing up new iflands 
where none appeared before. And by fuch events 
as thefe, the face of the earth muft be continually 
changing, and muft be quite altered from what it 
was many ages ago. 

Other fmaller changes I pals by, fuch as the al- 
teration made in the fiirface of the earth by culti- 
vation, the cutting down woods, inclofmg ground ; 
building of towns and cities -, as likewife the de- 
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Fig. vaftation tpadc by armies, by the invafion of 'conn- 
1 1 • tries ', where many beay dful places have been laid 
wafte, towns burnt and depopulated, and innume* 
rab}e fuch like accidents ; ^11 which help to give 4 
different afpeft to almoft ail countries upon the 
earth. 

Befides the changes already mentioned, moft 
jplaccs hgye changed their qriginal names; fothac 
our modern geographical defcriptions or map$ 
hardjy give us any region under the fame name, 
by whidi it was known m former times- And this 
has pccaQooed gre^t contraverfy and difpute about 
diverfe countries mentioned bjr ancient writers j 
and not only countries, but cities and towns ha:vc 
loft their original names, and at prefent go under 
other names. And all this may be in great mea- 
fure owing to the conquefts made by one nation 
making war againft another. For by this means 
the boundaries of countries have been quite chan- 
ged, fometimes by tearing a part from one country 
and throwing it to another, or throwing fcveral cJ 
them into one, or dividing on? country into fevcral 
parts. And the conquerors, either not knowing or 
not liking the old names, of towns and countries, 
impofed other of their own. Thus the ancient 
Scythici is now called Tartary. What was Thrace is 
now Rom^nia^ what was Lii^ya is now Ttipolu or a 
part of BarbAry^ Athaia is now Lividh. tyrenc 
IS Barca. As to towns, Athens is become Setiines. 
'Berenice hSucz, L'eopolis is Lemberg. Otympta is 
Longinico. Ttanefie is now Patefirina. Sufa is 
SjchmHer. Sparta is Mifitra^ hetphos is livaiia% 
Tdtifium is Damiettay and numbers of others. 
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PROP. XXir. Pro^. IK 

^gjhi^ ibi d^ifim of the eoftk ipio Us ftUTMl 

The deforiptidn of the &veral councries of the 

world is the leaf): part of my bufineis, as belonff^ 
ing moris to an hiftortan than a niathematicai wri- 
ter ; y«t I ihaU here give a ihort account of each 
country, and how it is fituated ; without which it 
is hardly pofllble to underftand any thing of hifto- 
ly. And tq t^ye ^ ?ight mt\o3H pf wy piac?, of 
ifS f^Wtio'H »pd extpnt, thp gcogra^ph^r owght to 
furnifli h^ia[iielf with W^V^ of ^ch country, which 
iji(Ul jpti^w ^ti^ s^t QnjCf; all thefe p^tipulars^ ^ alfp 
what cities, towns, caltles, rivers* bridges ippun-* 
tains, and other remarkable things," are contained 
in it ; and without fiieh maps we have very faint 
idea$ c(f apy aation or ?ountrv. 
The f^h is generally cHviaecJ in fqur qumprs^ 

1, Eur op, 3 ^^riV^- 
2 JJia. 4 Jmeri^a* 

But this divifion is very imperfefit ; for there arc 
vaft trafts of land under holh the poles, not yet 
difcoveml, ajnd which belong t^ i^^n^ pf ti^fe 
fbuf divifions. Theretore taking in thefe two p%- 
lar rfgions, the earth is more prap^ly divided in- 
to fix general parts, whioh will t^e in t^e whole 
earth whether lai^d ei fea. 

I. EUR QPEi i« bounded oa the north p^rtiy or 
whotty by the frozen iba ; on the foMtHt by the 
Mc^eranean fea, oa the w^ hy the Atl^nQc oce* 
an« ^nd cp the eaft by the rivers T^i^s^s, Oby,, 
and Vblg^ which U9^ falt$ iotq the Euxip^ fc;^* Ii\ 
defcribing the feveral coijntriea, I Ih^U begin with 
the north parts, and proceed to the foutb. 
. Sweden. 
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Fig.. 
II. Sweden. 

This country is contained between the n. lati- 
tudes 60 and 72, and longitudes 30 and $6 ftam 
Ferro. It is bounded on the eaft by MMfcovy^ on 
the weft with Norway^ on the north with the Fro^ 
zenfea^ on the fouth by Denmark and the Baltic 
fea. 

It is divided into the provinces Finmark^ Lap-- 
landy Sweediandy Finland^ Getblandj Livonia^ and 
the Swedifh iflands. 

Norway. 

It is contained between the n. latitudes 60 and 
69y and longitudes 30 and 38. It is bounded on 
the eaft by Sweden^ on the weft by the weft fea^ on 
the north by tht frozen fea^ and on the fouth by an 
arm of the weft fea. 

Denmark, 

Contained between 54 and 57 degrees of n. lat. 
and between 30 and 35 degrees of longitude. It 
contains Jutland^ and the iflands Zealand^ Funen^ 
&c. Jutland is bounded on the fouth by Germany j 

on the other fides by the fea. 

• •■ 

M^fcovy or Ruffia. 

This is a large country, extending from the n.'- 
lat, 45 to 71 5 and between the long- of 48 and 
107. It is bounded on the eaft by Tartary^ on 
the weft by^Swedeny on the north by Lapland and 
the Frozen ocean^ on the fouth by Poland and the* 
Cafpian and EUxine k^. It ftands partly in Europe 
and partly in Afia j it is divided into the provinces 
of Trinesy KargapoUay Divinay Condoray Siberia^ 
Ohdoroy Vokgday Cafany MordowitZy Kifinovogrody 
Vdlodimar^ MofcoWj^ Aftracan, Novogrody Wetikiy 
PleJkoWy Sevm^y and many more. 

Grtat 
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Great Britain. if. 

^ This is an iQand, and contains England and 
Scotland \ it is contained between the n. lat. 56 and 
59, and long- 14 and 22. It is divided into a great 
many counties or Ihires; and there are a- great 
number of fmall iflands, lying to the north and 
north weft thereof. 

Ireland. 

This is alfo an ifland on the weft fide of Great 
Britain, and is contained between the n. lat. 5 1 and 
56 ; and long. 9 and 14 *, which is alfo divided in- 
to feverai counties. 

Gcrnunty* 

This lies between latitude 45 and 55, and long.* 
26 and 39. It is a large country, and cpnfifts of 
many provinces, dukedoms, circles, &c. It is 
bounded on the eaft • with Prujfia^ Poland^ and 
Hungary^ on the weft with France^ on the north by 
Denmark and the Baltic fea^ on the fouth by Italy. 
It contains on the north, Holland, Flanders^ Tf^eft- 
fbalia. Lower Saxony y Upper Saxony. In the mid- 
dle. Lower Rhine, Upper Rhine, Franconia. On 
the fouth, Suabia, Bavaria, Auftria. 

By fubdivifion Holland contains Zealand^ 
Utrecht, Zutpben, Over-IJfel, Friefland^ Groningen. 
And Flanders contains Gelderland, Brabant, Lux- 
embourge, Limhourge, Artejia, Hannonia, Namur. ' 
Weftphalia contains Oldenbourg, Hoya, Diepbolt, 
Scbomberg, Embden, Lingen, Tecklenburg, Raven/- 
hurg, Bentbem, Munjier, Lip, Mark, Ber^^e, Cleves, 
Juliets. Lower Saxony contains Holftein^ Lawen- 
turg^ Mecklinburg, Bremen, t^erden, Lunenburg^ 
Brunfwiek, Halberfiat, Magdeburg. Upper Saxony 
contains Mifnia^ Tburing, Brandenburg, Pomera- 
via, &c» but the fubdivifions of thefe countries are 
endlefs. 

Priijfta. 
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Fife. 
II. Pri^^ 

This extends from laL 51 to 55^ and long. 35 
to 45 ; it is boimded on tiie eift by Poiandi on the 
weft by Germanffp on the ^orth by the halticy on 
the fouth by part of Poland. 

$axbny. 

Bounded on the north ^aff Prujfta^ on the fouth 
by Bobemioy on the eaft by P^land^ andwcift by 

iohimia. 

Bounded on the eaft by Poland^ on 1J16 irtft bf 
GertnatTfy on the north by Sfixony^ on the fouth by 
Hungary. 

Silejia. 

funded on the north by. BranienBurg^ an the 
fouth by Hungary^ on the ti&, by Polandi ha thfe 
well by Bohemia. 

Poland. 

Bounded on the eaft b* RiSa^ oh the weft by 
Silejia^ on the north by FrUffia^ on the footh by 
Hungary. 

Hm^dty. 

This country extends from 45 to 49 deg. n. lat. 
and from the long. j4 to 41. |t is bounded oti the 
eaft by Turkey^ on the weft by Germany^ on the 
north by Poland^ on the fouth by Turkey^ 

X 

France, 

This country is contained between thfe n. lai 43 
and 51, and long. 14 and 28. It is biD^ndcd on 
the eaft by Germany^ on the weft by thfe Atlantic 
Ocean, on the north by the Englip Channel, on the 
fouth by Spain and the Mediterranean Sia. 

Spain. 
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Figi 
Sj^din. 1 1. 

It ia cdntaiMd between the n. lat« 36 and 45, 
anil long. 10 andv2|< It is bounded on the eaft by 
the Mtditerrmodnj muht weft by Perfugal and the 
Atlantic Qaatfi. on the ndrth by France and the B^ 
of Bifcayy on the fouth by the Atlantic Ofiofi and 
part bf the MiSiertmtim. 

Portugal 

Bounded on the caft by France^ on the Weft by. 
the Aitanti€ Ocean^ oh the Hdrth by Sfain^ on the ^ 
foMth by the Atlantic 04ian. 

Italy. 

This is contained between the n. lat. 38 and 47, 
^d loilg. 27 and 41. It is bounded on the footh 
and eaft by the Mtditertantaft Sea^ on Ad north by 
Cermatrf and SmtsterlaHJ, on the weft by Praftci and 
the Mediterranean. 

Swiiterland. 

Bounded on the north and eaft by Germanfj on 
tT)€ fouth by Itatjy on the weft by France. 

Turkey. 

This is contained between 37 and 49 deg. of 
n. lat. artd 38 and 55 deg. of longitude. It coiltain3 
Greece^ Little Tartaryy and part of Hungary^ and 
many provinces befides. It is bounded on the 
eaft by the Euxine Sea^ on the weft by the Galpb 
of t^enice^ on the north by Hungaty^ on the fouth 
by the Mediterranean. 

IJlands in Europe. 

The principal are the Orkneys^ the Shetland ifles, 
and Weftern iflandi near Scothind. The Ifle of 
Man^ Anglefey^ and ifle (Jf Wtght^ near EngJandi 

Jerfey 
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Fig. ^(fr/Jjp, Guernfey^ Aldemey^ near France. The 
XI. iflands jRi(f^, Bornbolm^ OelanJj Gothland^ Oefal^ 
DagOy Alandj Ween^ Zeakndj Funen^ Langland^ 
Lalandy Fulftar^ Mono. Femerenj Alftn^ near Den- 
mark and Sweden. Alfo Carmen^ Hitieren^ Samcn^ 
Suray^ near Norway, and an infinite number of 
finalier ones. 

The Azores or wefiern^ ijlandsy lying weft from 
Spain, being 9 in number ; they are St. Michael^ 
St. Maria^ Tercera^ Gratiofa^ St. George^ Pico^ 
Fyalj Flares^ Cuervo.. 

Iflands in the Mediterranean, are Z'oica^ Major ca, 
Minorca^ lying near Spain. Corfica^ Sardinia^ &• 
cily and Malia^ near Italy. Candia near Greece, 
Cyprus near Syria in Afia \ and a vad: number of 
fmall ones near Greece in the Archipelago. . 

2. ASIA, is bounded on the eaft by the Eaflern 
fea^ on the weft bv Europe and the Redfea^ on the 
north partly by tne Frozen fea^ on the fouth by the 
Indian Ocean. 

Siberia. 

This couptry reaches from n. latitude 50 to 68, 
and from the long. 10^ to 170. It is bounded oq. 
the eaft by the Japan Ocean^ on the weft by Ruffia^ 
on the north by the Frozen fea^ on the fouth by 
Canary. This is a wild, barren, cold country, 
?ind thinly inhabited, and under the emperor of 
Ruffia. 

Tartary. 

This was anciently called Scxthia j it reaches 
^om 40 to 60 deg. of n. latitude, and from c^t tQ 
180 longitude. It is bounded on the north by 5/- 
hertay on the fouth by Perfta and China^ on the eaft 
by the Eajiern Ocean^ on the weft by Rujfta. 

Turkey^ 

Contained between the n. latitude 30 and 45% 
and long. 56 and 7 s. It is. bounded on the eaft 

by 



^ 
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by Perfia^ on the weft by the Jrcbipelago^ on the Fig. 
north, by the Euxine fea^ on the fouth, by the Aft- 
diterranean and Arabia. Natalia and Syrifi are two 
provinces, and Pbanicia^ Judea^ Mefopotamia^ Ar^ 
fneniaj AJfyriay Cba/dea, 6fr. 

Arabia. 

This is contained between the n. lat. 12 and jt, 
and 5s and 76 of longitude. It is bounded on the 
caft by Perjia and ,the Perfian Gulphj on the weft by 
the Red Sea, on the north by Tur key y on the fouth 
by the Indian Ocean. 

Perjia. 

This country reaches from n. lat. 26 to 44, and 
long. 73 and 100. It is bounded on the eaft by 
India^ on the weft by Armenia^ on the north by 
Rujfxa and the Cafpan Sea^ on the fouth by the 
Arabian $ea and Perfian Gulpb. This country is 
under Kouli Kan^ or the great Sophy. 

India. 

This lies between n. lat. 8 and 40, and long. 92 
and 1 30. It is bounded on the eaft by China and 
the Sea^ on the weft by Perjia and the Indian Sea^ 
on the north by Tartary^ on the fouth by the Indian 
Sea. . This is under the great Mogul. 

China. 

It lies from n. lat. 20 to 41, and long. 1 18 and 
140. It is bounded on the north by Tartary^ on 
the fouth and eaft by the Sea^ on the weft by India 
and Tartary. The north part of the country is de- 
fended by a ftrong wall 1500 miles long. 

IJlands in Afia. 

Tedfo or Jejfo^ and Japan^ both lying eaft of 
Tartary ; thefe are two large iflands. The Philr 

G Itpim. 
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Fig. lipine iflands, Sunday ffles^ the Molucca iflands, alio 
Borneoj Sumatra^ Java^ Ceylon^ in the Indian fea, 
with an infinite number of fmaller ones, as the 
Ladrone ides, and a clufter of iflands lying far ea&. 
Alfo feveral parts of countries not yet fully dif- 
covered, as lana of Compania near Tcdjh^ New Gut- 
neaj and Carpentaria Bear the Molucca iflands, and 
New Holland more to the weft. 

3. AFRICA. 

Is bounded on the eaft by the Red Sea and the 
Indian Oceanj on the weft by the Etbiopic OceaUj on 
the north by the Mediterranean Sea^ and on the 
fouth by the Southern Ocean. 

Barbary. 

This country extends from n. lat. 25 to 35, and 
from long. 4 to 52. It is bounded on the eaft by 
Egypt ^ on the weft by the Atlantic Ocean j on the 
north by the Mediterranean Sea, and on the fbuth 
by Mount Atlas and Numidia. It comprehends the 
kingdoms of Morocco, Fez, Telenfin, Algiers, Tunis, 
Tripoli, and Barca 6r Cyrene. 

Egypt. 

It is extended from n. lat. 2 1 to 30, and from 
long. 52 to 63. It is bounded on the eaft by the 
Red Sea, on the weft by Nutnidia, on the north by 
the Mediterranean Sea, on the fouth by Nubia 2Jidi 

Abijinia. 

Numidia or Bildulgerid. 

This is comprehended between n. Ut. 22 and i^, 
and long. 2 and sS- It is bounded on the eaft by 
Egypt, on the weft by the Atlantic Ocean, on the 
north by Barbary, on the fouth by the defart of 
' Zaara. The eaftermoft part joining to Egypt was 
anciently called Lybia. 

Zaara^ 
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Fig. 
Zaara^ or the Defart. 

It reaches from n. ht* 2t to 28, and from long. 
2 to 50. It is bounded on the eaft by Efyft aa4 
Nuhidj on the weft by the Atlantic Ocean^ on the 
north by Numidiay on the fouth by Negroldnd. 
It contains a part of ancient LyUa. 

Negroland. 

It is contained between the n. laL 10 and 2g^ 
and long, o and 42 • It is bounded on the eaft by 
Nubiay on the weft by the Atlantic Oceans on tte 
north by Zaaroy on the fouth by Guinea. 

J{uhia. 

This is fituated between the n. lar. 9 and 23, and 
longitude 42 and '57. It is bounded on the eaft by 
Ethiopia^ on the weft by Zaara and Negrolanij 
on the north by E^i and Numidia^ on the fouth 
by Ethiopia^ and is reckoned by fome to be a part 
of It. ' 

AbiJJiniih 

This reaches from n. Tat. 2 to 12^ and long. 50 
to 72. It is bounded on the eaft by the Red Sea 
and Indian Ocean^ on the weft by Nubia and the 
Defarts^ on the north by E^pf^ on' the fouth by 
Ethiopia. The Nile hais its rife from a lake' in the 
middle of this country. 

Guinea. 

TJiis is contained between the n. lat. 4 and 12,' 
and long. 3 and 30. It is bounded on the eaft by 
Ethiopia^ on the weft by the Atlantic Ocean, on the 
north by the Great River ^ which parts it from JV^- 
grolandy on the fouth by the Ethiopic Ocean. The 
inhabitants of this country are quite black. 
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Fig. Eihiopia. 

This is a vaft country, reaching from 1 2 deg. n*. 
lat. to 33 degrees f. lat. and from long. 28 to 66. 
It is bounded on the eaft, foiith and well by the 
Etbiopic OceaHj on the north by Nulna and Abiffinia. 
It contains a great many provinces and kingdoms. 
In this country are the Mountains of the moon^ lying 
in I o degrees of fouth latitude. At the fouth point 
of it| is the country of the Hottentots. 

m 

IJlands in Africa. . 

Madeira lying weft of Morocco. The. Canaries^ 
lying weft of Numidia ; they are 7 in number, the 
principal are Tenerif for its high mountain ; and 
Ferro^ from which longitude is reckoned, being the 
weftermoft, and about the lame longitude with 
Cape Blanco^ or the weftermoft part ot the conti- 
nent. The Cape de Verd Iflands^ being 10 In num- 
ber, lying near Cafe Verdy in Negroland. St. Ma- 
iheSy Afcenjion^ St. Helena^ in the Etbiopic Ocean. 
And the large ifland Madagafcar lying eaft of Ethi- 
cpia^ and the Cotnore Iflands alfo eaft of Ethiopia 
la the Indian Sea. And befides, many fmall ones. 

4. AMERICA. 

Is bounded on the eaft by the Atlantic Ocean^ 
on the weft by the great South Sea^ on the north by 
lands unknown^ on the fouth by the Southern Ocean. 

New Wales. 

A country lying on the weft of Hudfon*^ Ba}\ be- 
tween then, lat. 51 and 64, and long. 278 and 298. 
It joins to Canada on the fouth, on the north and 
weft upon unknown countries. 

Labrador. 

This country reaches from n. lat. 50 to 63, and 
long. 297 and 323. It is bounded on the eaft by 

the 
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the Atlantic Ocean, on the north and weft by HuJ- Fig. 
fon*^ Bay, on the fputh by Canada and the River St. 
Laurence. This is alfo called New Britain and £/► 
quimaux. 

Canada. 

It reaches from n. lat. 45 to 53, and long. 287 
and 306. It is bounded on the eaft by the River 
St. Laurence, on the north by Labrador, on the 
weft by unknown countries. This is alfp called 
New France. 

Nova Scotia. 

ft is contained between n. lat. 44. and ^o^ 
;and long. 309 and 315. It is bounded on the eaft 
by the Gulf of St. Lawrence, on the north by the 
River St. Laurence, oq the w^:ft by New Englq/nd, 
pn the fouth by the Sea. 

New England. 

It is contained between the n. lat 41 and 46, 
and long. 305 and 311. It is bounded on the ea^ 
^nd fouth by the Sea, on the north by Canada, on 
the weft by New Tork. This contains Majfacbufets, 
New Uampfhire, ConneElicut, Rhode IJland, and 
Providence. 

New Tork. 

It is bounded on the eaft by the Sea, on the weft 
by the Iroquois or 5 nations, on the north by New 
England, on the fouth by New Jerfey. 

Newjerfey. 

This is bounded on the eaft by the Sea, on the 
weft by Penjilvania, on the north by iW«^ Tork, 
on the fouth by the Sea. 

Penjilvania.. 

It lies. between 39 and 42 deg, of n .lat. and 295 
and 303 of long. It is bounded qn the eaft by D^- 

G 3 lawar^ 
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Fig. laware River^ on the weft by fome part of Canada^ 
on the fouth by Matyland. 

Maryland. 

It is bounded on the eaft by the Sea^ on the well 
by the Apaluchian Mounlains, on the north by PeH- 
Jilvania^ on the fouth by Virginia. 

Virginia. 

This is bounded on the eafl; by the Sea^ oh the 
weft by Louifiana^ on the north by Maryland^ oq 
the fouth by Carolina. 

Carolina. 

It lies between 31 and 36 n. lat. and between 
292 and 303 of longitude. It is bounded on the 
eaft by the Sea^ on the weft by Louifianay on the 
north by Virginia^ on the fouth by part of Florida 
and the Sea. On the fouth part of this country is 
Georgia. 

Louijtana. 

» ♦ 

It is contained between n. lat. 30 and 42, and 
long. 278 and 288. It is bounded on the eaft by 
the river MSJJiJippij on the weft by New Mexico^ oh 
the north by the Inland countries^ on the fouth by 
the Gulpb of Mexico. 

New Mexico or Granada. 

It reaches from n. lat. 23 1045, and from long. 
200 to 245. , It is bounded on the eaft by houifta- 
na^ on the weft by the Sea^ on the north by countries 
unknown, on the fouth by the South Sea. It in- 
cludes California and New Albion. 

Old Mexico. 

This country reaches' from n. lat. 7 to 26; and 
from long. 258 to 297. It is bounded on the eaft 

by 
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by the Gui;^ of Mmco^ on the weft and fouth bv Fig. 
the South Sea^ on the north by jViw M^xifOn It 
contains a great many provinces. It is alio called 
New Spain. 

Florida. 

The end of the peninfula, which lies fouth of 
Florida ; it is contained between the tu lat. 24 and 
30» and long 293 and 296. It is all environed with 
tlie fea, except on the north, where it joins upon * 
Georgia. All thefe belong to tiorib America j tht 
following belong to Sotab America. 

^orraFhrma. 

It extends from the equator to 1 2 deg. n. lat. and 
from long. 298 to 330. It is. bounded on the eaft 
by the Atlantic Ocean j on the weft by the South Sea^ 
on the north by the North Sea, on the fbuth by Pe* 
ru and Amazonia. It is divided into many pro- 
vinces. 

Peru. 

It extends from 3 degrees f. lat.- to 25, and 
from long. 261 to 31 S. It is bounded on the e^ 
by Amazonia^ on the weft by the South Sea^ on the 
north by Terra Jirmaj on the fbuth by Chili and Pe* 
ragua. On the eaft fide are the Cordileer mountains. 
It alfo confifts' of feveral provinces. 

Amazonia. 

It extends from the equator to 1 6 deg. f. lat. and 
from long. 308 to 328. It is bounded on the eaft 
by Brajiliaj on the weft by Peru^ on the north by 
Terra Jirma^ on the fduth py Peragua. This coun- 
try is. wholly linknown. 

Brafttia. 

It extends from f. lat. i to 33, and from long. 
324 to 342. It is bounded on the eaft by the At- 

G 4 lantic 
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Fig. lanth Oetan^ on the weft by Jmazonia and Paraguay 
on the north by Terra firma and the Sea^ on the 
fouth by the Sea and the river Plate. It confiits of 
many provinces. 

Paragua. 

This coqntry reaches from f. lat. la to 37 ; and 
from long. 308 to 336. It is bounded on the eaft 
by Brafiliaj on the weft by Chilis on the north by 
Amazonia^ on the fouth by Patagonia. |t is alfb 
called La Plata. It contains feveral provbccs. 

CbiU. 

This country lies on the weft coaft of America. 
It extends from f. lat. 25 to 45, and from long. 295 
to 305. It is bounded on the eaft by Paraguay on 
the weft by the South Sea^ on the north by Peru^ 
on the fouth by Patagonia. 

Patagonia. 

This is the fouthermoft part of America. It 
extends from f. lat. 35 to 54, and long. 295 to 320. 
It is bounded on the eaft by the Atlantic Ocean^ on 
the Weft by Chiliy on the north by Paraguay on the 
fouth by the 5/m/j of Magellan, It is alfo called 
%erra Magdlanica. This country is very little known. 

American IJlands. 

Newfoundland lying in the Gulpb of St. Laurence^ 
a large ifland, and Cape Breton more to the fouth. 
Bermudas eaft of Carolina. Bahama ijlands ; Antilles 
ijlandsy the greateft being Cula,, Hifpaniola^ and 
Jamaica^ and Porto Rico. The Lucayas ifles, the 
Charibbe itles ; all thefe are eaft of the Gulpb of Mex- 
ico. The Sotovento ifles along the n. coaft of Terra 
firma. Among thefe there is an infinite number of 
very fmaU iflands, 

Terra del Fuego^ on the fouth end of America^ 

a large 
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a large ifland The Gallipagos ijlands^ lying weft Fig. 
under the equinoftial. And the ifles of Sohmon ly- 
ing far weft. There are alfo a great number of 
iQarids lying weft from Mexico^ difperfed all over in 
the South Sea ; and likewife feveral up and down in 
the ' Atlkntic ocean, far from any continent. 

5, REGIONS abouf the Nqrtb pole. To this 
head may be referred Greenland^ Friefiand^ Iceland^ 
Spitzburgj and whatever countries are near the . 
north pole, not yet difcovered. 

6. REGIONS about the South pole. Van DemetC^ 
landy New Zeelandy Drake^s land^ Cape Cireumcifion^ 
Bovefs landj Terra auftralis. But not one place is 
(difcovered near the pole. 

Scholium. 

Having given a ftiort defcription of all the knowii 
countries of the world ; it cannot be amife to infert a 
table of the latitude and longitude of places, which 
will be ferviceable for the readily finding any place 
we want. The longitude is here reckoned from 
Ferro 5 and both latitude and longitude is given 
pnly in whole degrees ; it being prefumed, that this 
y^ill be near enough for finding out any place upon 
fi globe or map. 
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A Tibte of the latitude and longitude of places. 



A. 


lat. 


Ion. 


Aadberg;, Alberg 


570 


*9 


Aarhttus 


65 n 


30 


Aback, Wdteabnrg 


49« 


3« 


Abakanikoi 


530 


*M 


Aha]ak 


570 


84 


Abazkaia 


50n 

50 B 


89 


Abbenlte 


2» 


Abenrade, Axenrade 


55 n 


S^ 


Aberdeea 


57 n 


18 


Abo 


60 A 


43 


Abydas 


40 n 


47 


Acapulco 


17 n 


t76 


Acerra . 


41 A 


36 


Achen 


6n 


U4 


Acbyr 


5on 


57 


Acqs, Aux, Dax, 


43 n 


21 


Acquapendente 


45 n 


3^ 


Acra 


Sn 


340 


Aden 


47 n 


29 


Adrianople, An- 7 
drianople $ 


41 n 


46 


Aerfchot 


5in 


*4 


Agdc 


43 n 


22 


Agcn 


4411 


19 


Agra 


26 n 


99 


Agna, Egcr, 


48 n 


41 


Ajasaso 


37 n 


57 


Aichdat 


4.9 n 


3^ 


Aigneperes 


45 n 


22 


Ailefbury 


52n 


17 


Aix 


43 D 


24 


Aix la Chapelle 


Sin 


25 


Alaix, Alaisy 


44 n 


24 


Albano 


4in 


33 


Albany 


43 n 


334 


Albarrazln 


40 n 


22 


Albemarle 


^on 


22 


Alboquerquy 


39 » 


27 


Albaregalis 


47 n 


39 


Albert 


44n 


»7 


Alby 


45 n 


20 


Alcazar, Alcaraz> 


38n 


17 


Alcudia 


40 n 


25 


Aldborough 


Sznj 21 


Aldenbarg 


Son 


1 32 



Alenzon, Alencon, 
Aleffio 

Alexandria 

Algeri 

Algiers 

Alnama 4 

Alicant 

Allendorf 

All faintt bay 

Almeria 

Almifla 

Almanecar 

Altamonc 

Altena 

Altenburg, Owar, 

Altorf 

Amadubat 

Amadan» Hamadan 

Amadia 

Amalfa 

Amapalla 

A mafia 

Ambara» Amba- 

marjam 
Amberg 
Ambrun 
Amelia 
Amiens 
Amphipolls 
Amfterdam 
Anclam 
Ancona 
Andernach 
Andero 
Andrea 
St. Andrews 
Andujar/ Andaxar,. 
Angelo 
Angelos 
Angerfbarg 
Angermund 
Angers 
Angol 
Angolefme 
Angoura, Anchira, 
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4.21 
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fir 

37r 

^yu 

38n 

12 f 

44 n 
37 n 
4on 

S4» 
5in 

49 n 

24 n 

3S^ 

37 n 

41 n 
I2n 

41 n 

1311 

49 n 

44" 

42 n 

fon 

42 n 
S2n 

54" 

43" 

50 n 

43 n 
43 n 
56n 
38n 
41 n 
19 n 
54 n 
5in 
47 n 
38n 
46 n 
41 n 



Ion. 

19 
4«^ 

5' 
2Si 

*3 
*4) 

3« 

}3«j 

4 

39 

•,i 

3J 
33 

67 
63 

35 

z8j 

56 

5S 

3* 

60 

34 

13 

35 
18 

24 

36 

43 
26 

18 

too 

^8 



53 
Abgn 



Sea. I. G E fj G ft A P H V. 





li 


lat. 


on. 


Arigra 


;i Aftracan 


^711 


7» 


Annn 


i' Aih, Acth 


Sin 


*i 


Annftn 


S Athens 


isn 


44 


Anapolis 


J. Atiock 


53" 


9» 


Annecy 


41 AVaBon 


47 B 


'3 


Anflo, Obfto, 


SI Aubigne 


4-7 n 


ta 


Anrpach 


41 Audi 


♦4" 


4< 


Anuquera 
Antibes 


3; Avdra 


+on 


zg 


4 Augftorg, AnJbnrg 


48 n 


3> 


Ancioch 


^1 St. AngnfUne. 


30 n 


*9? 


Antivaxi 


3 Augnftow 


SJn 


45 


Antwerp 
Apenzei 


\ IX" 


43" 
41 n 


«4 
'3S 


AqaiUa 


4 Avil« 


+3° 


14 


Aracan 




igf 


9S 


Arauco 


3 Aurich 


Sjn 


ig 


ArSeU 


3 Aulburgh 


48 n 


3> 


Arbon 


4 Autun ■ 


47 n 


'3 


Archangel 


6 Anxerra 


47 ti 




Arco 


4 Axim 


S" 


f6 


Ardcnbuxg 


5 Axonne 


42 n 


24 


Ardra 


Axama 


iSn 


SO 


Arebon 


Ayambntc 


37'' 


It 


AretnbUrg 


J' Awlea 


491 


3° 


Areqnippa 


1 Axel 


S'l 


33 


Arezzo 


4 Axipoli 


4511 


SI 


Argcntoa 


4 B. 






Argun 
ArKufen 


5 Bibiloo 


33n 


fj 


; Baca 


37" 


Arien, Aire, 


c Baccaflerai 


«*> 


ss 


Arica 


I Bacherak 


ion 


27 


Aries 


4 Bachu 


40 n 


4 


Armagh 


5 Badajox 


39 n 


10 


Arlon 


4 Baden (Swabia} 


49n 


24 


Annentiers 


; Baden (Swiflerland] 


47 n 


28 


Arateim 


; Baeza 


38n 


'4 


Arons 


t Bagdat 


33 n 


63 


Aronches 


J Bagaagar 


iSn 


97 


Arraa, AtreCht ' 


; Bagnialnck 


<4" 


39 


Arundel 


S Bahua 


SSn 


31 


ArzUU 


3 Baja 


47 n 


40 


Afaph 


S Balbec 


33 » 


57 


c Balca 


3711 


H 


Afcoli 


4 Balifota 


II n 


lOJ 


Afoph, Afow 


^ Bamberg 


son 


JI 


Afti 


^ BancalU 


20 


"9 


Allorga 


^ Bancock 


■1; 
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Bantam 

Baranco 

Baranwahr 

fiarberiiio 

Barcelona 

fiircelonetia 

Barcelot 

Bardt 

Bari 

Barteduc 

Bartetta 

fiarartCcbtck 

Bafil, Baile 

Baflaim 

Baflia 

fiaftia 

Batavia 

Bautzen, Pantzem 

Bayonne, Bajonne 

Beaufort 

Beau vail 

Beja 

Beicblingen 

fielcaftio 

Beleifora 

Belgrade 

Belfenti 

Seller 

Belluno 

Bcltz 

Belvedere 

Bencoolen 

BencTcnto 

Bengucla 

Benfn 

Eenlheim 

Bentheitn 

Bentivogllo 

Berenice, Fuez 

Bergamo 

Bergen 

Bergen op Zoom 

Bergerac 

Berlin 

Bern 



Bertraad 


iSv 


18 


Berwick 


sL 


18 


Befancon 


t?" 


»5 


BcBers 


ii" 


'1 


Beftertwn, Beftricia 


fSn 


42 


Bethlehem 


jin 


U 


Bethune 


son 


22 


Betlu 


371 


6! 


Bibracb, Biberach 


t8n 


'9 


fiiel 


4.7 n 


*7 


Bielogrod 


♦7n 


54 


Biltx;^ 


*3«> 


14 


Bimlipatan 


r»n 


103 


Bir 


3S1 


80 


Birkenfield 


son 


26 


BifchweUer 


tgn 


ZT 


Bifignano 


ton 


37 


Bifliagar 
BitonB 


Hn 


98 


4-1 n 


38 


Blankenburg 


jan 


J' 


Blavet 


47 r 


14 


Blois 


f8n 


20 


Blouiu 


S?n 


4' 


Bochara 


ton 


8S 


Bodon 


45 n 


4^ 


Boglio 


44 n 


27 


Bogoto 


4" 


304 


BoiQednc 


53n 


'i 


Bologna, Bologne 


++i> 


3' 


Bon 


eon 


a? 


Bona 


36n 


2S 


Bonifacio 


4jn 


19 


Bonneville 


Jfin 


26 


Boppart 


jon 


27 


Borja 


4in 


16 


BofTa 


19 n 


3° 


Bollbra 


30n 


67 


Bofton 


|.an 


jo6 


Bouillon, Bullion 


Jen 


>S 


Bovino 


41 n 
jin 


315 






Bourdeaux 




18 


Bourg 


,6t, 


H 


Bourges 


■7" 




Boxthude 


H" 


20 


Bracciano 


f2" 3^1 


Braga 


41 n 


81 



Sea. I. 

Brandenburg ' 

Sraflan 

Breda 

Bremen 

BreiTcia 

Breflaw 

Breft 

Brefle, Breflini 

Bxidgetown 

Brieg . 

Sril 

Brln 

Brifac 

Brillol 

Brixen 

Bruges, Brugge 

Brunfwick 

BruiTels 

Bucaw 

Buchorn 

Buckereft 

Buckingham^ ^ 

Suda 

Budoa . 

Budweis 

Buenos Ayrea 

Bugia 

Bugie 

Bulac 

BcAgar 

Burgos 

Burgow 

Bunc 

Byghof 

Cabo 

Cabul 

Cachao 

Cadiz, Cales 

Caen 

CaiFa 

Cagliari 

Cahors 

Cajana 

Caifum 

Cairo grand 
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12 



^i 



42 » 

52n 
56n 

Sz^ 

45 n 
Sin 

48 n 
52n 
ijn 
5in 
5211 

49 n 
48 n 
pn 

47 n 
51 n 
5zn 
51 n 

48 n 

47 n 

44 n 
52n 

48 n 
42 n 

49 n 
36f 
36 n 

22 n 
3on 
54n 
42 n 
48n 
52n 
S3n 

45n 
33n 

23 n 
36n 
49 n 

45 n 
39n 
44n 
64 n 



lat. lion. 



33 

47 

24 
28 

3* 

37 
H 
45 
3^9 
37 
H 
36 
27 
16 

3JJ 
22 

30 
24 
29 

29 

47 

«7 

40 

4» 

35 
318 

24 
56 
52 
7» 

13 

30 

26 

50 

35 
89 

125 

10 

18 

57 
30 

20 

'47 
123 

5^ 



Calahorra 

Calais 

Calcedon 

Calenburg 

Calicut 

Calmar 

Cambaia 

Cambra 

Cambridge 

Campagna 

Campeachy 

Candahor 

Candia 

Candy 

Canterbury 

Canton 

Cape of good hope 

Cape bianco 

Cape verd 

Capona 

Cardonna 

Carelfcroon 

Carefen, LaiTecn 

Cargapol 

Carlftadt 

Carmona. 

Carpentras 

Cars 

Carthage 

Carthagena 

Carthagena 

Carwar 

CafaU Cazal 

Ca(bin 

Cafhan 

Caffel 

CalSmere 

Caftanowitz 

Cailel novo 

Caflello branco 

Caftiglione 

Caflle town 

Caftro 

Catanea • 

Cataro 

Catherlougc 

Caudebsc 



42 n 
5ih 
4111 
521I 
iin 

57 n 
12 n 

5in 

52n 

4in 

i9n 

35" 

8n 
Sin 
29n 

34 f 

21 n 
i5n 
41 n 

41 n 
56n 
i6n 
63 n 
45 n 
37n 

44 n 

42 n 
36n 
37 n 
ion 
iSn 

45 n 
36n 
34n 
Sin 
3Sn 

46 n 

43 n 
39 n 

45 n 

S4n 

43 n 

38n 

42 n 

153" 
'49 n 
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±1 

59 
30 

95 

36 

124 

22 
*9 

28c 

87 
45 

99 

20 

132 

40 
o 
o 

36 

21 

35 
72 

56 
36 

»3 

64 
29 

>7 
301 

93 

28 

68 

70 

29 
95 
37 
4t 
28 

31 

H 
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35 

39 
12 
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lat. 


lon^ 


Cuamarca 


7l 


ClerpontiCliampagii 


«n 


«S 




Cayenne 


S" 


Clermont, Avergne 


*6n 


22 




CephalonU 


j8n 


Cleve 


52 n 


2S 




Cciria 


♦411 


Coblenu 


son 


27 




CeTena 


44n 


Coblon 


■3" 


100 




Ceuta 


36" 


Cobourg 


son 


3' 




Chalona 


♦8n 


Cochin 


9a 


96 




Cham 


W 


Cogniac 


46n 


49 




Chambeny 


«" 


Coue 


♦7n 


29 




Charlemont 


54" 


Coimbra 


ton 


99, 




Charleroy ■ 


jon 


Colbcrg 


S4I1 


P 




Charles town, 1 
Charlton J 




Colima 


i9n 


269 




jsn 


Colpar 


4Sn 


37 




Charollei* 


+6n 


Cologne 


S'n 


2^ 




Chartres 


47" 


Com 


34n 


69 




Chateau 


jon 


Comerci 


4Sn 


'S 




Chatelct 


50 n 


Comorra 


48 n 


38 




Chatham 


$in 


Compeigoe 
CompofFella 


4911 


22 




ChavM 


420 


43 n 


8 




Chelm 


5in 


Conception 


lOn 


29; 




Chelmsford 


SZD 


Condom 


44n 


Ts 




Cherafcd 


450 


Coni 


H" 


'7 




Cherburg 


5on 


Conquet 
Confenza, Corenza 


48 n 


13 




Cherefoul 


Un 


391 


37 




Chefter 


S3" 
40 n 


Conflancc 


48 n 


»9 




Cheiler (ne*) 


Conilantina 


iSn 


a? 




Chiapa 


i6n 


ConQantinople 


11 n 


4S 




Cbiarenaa 


381. 


Coniefla 


fin 


44 




Chichefter 


60 n 


Copenhagen 


S6n 


3^ 




ChiDca 


'jf 


Copiapo 


rSf 


J03 




Chincy 


eon 


Coquimbtt 


59 f 


302 




Chios, Scio, Kio 


38a 


Cordoua 


33 „ 


I? 




Chitor (India) 


23 n 


Corfu 


40 n 


40 




Chitor (Italy) 


45 n 


Coria 


40 n 


26 




Chitro 


40 n 


Corinth 


37 n 


43 




cbirifi 


43" 


Cork 


52n 


10 




Chriiliana 


fon 


Coron 


37 P 


4? 




ChriQUnople 


Z7n 


Cort'ona 


43" 


li 




ChnfttaDlladt 


56 n 


Coruoaa 


43 n 


29 




Cifalu 


Ssn 


Coventry 


52n 


.7 




Cinoloa 


a6n 


Cove. 


JID 


16 




Cittadella 


40 n 


Cracow 


50 n 


40 




Cividad real 


39" 


Crema 


45 n 


3? 




Clvita vechia 


4211 


Cremnitz 


490 


3S 




Clagenfurt 


47 n 


Cremona 


4Sn 


3f 




Clavenna 


460 


Crefcentino 


jonl 


*7 




Clattfenburg 


4;n 


Creutznach 


2; 
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Crcfia 
Cronilat 
Croflen ^ 

Cuenca, Cuenza 
Culi^can 
Cull^mbach 
Calm 
CufciS 
Cuftrin 
CzemiKow 
D. 
Pabtl 
Daca 
Da|;no 
Dalabprc 
JbHamaicus 
Dambea 
Dami^tta 
Pamvillars 
Pancaki 
Daticbarg 
Damzig 
Darinib4t 
St. BaYids 
Dehrccin, Dubitza 

Delft 

Delly 

Delmonhnrft 

Dendemiond 

Denia 

Derbent 

Derpt 

Dcffaw 

Deveuter 

Deux ponts 

Diarbeck 

Die 

Dieppe 

Diepholt 

Digne 

Dijon 

Dillenburg 

DilleDgen 

Dinkenfpoil 

Dial 

Dixmade. 

DobIiai> Dobetin 



|lat. lion. 

47 

3S 
16 

31 

39 

508 

55 



^7" 
5ZB 

4011 

>4P. 
5011 

53 » 

«3f 
52n 

5»>^ 

i8n 
24 n 

41 n 

59» 

33n 
1511 

3in 
I49P 

540 

490 
12a 

470 
52n 

28 n 

53» 
51a 
3911 

42 n 
58n 
52 n 
52n 

49" 
47 n 
45 n 
50n 
53n 
44 n 
47 n 
5in 
48n 
49 n 
2611 
p n 
56a 



9^3 
iig 

4« 

38 

57 

54 

5J» 

«5 

53 

3' 

59 
28 

1 01 

42 

23 

99 
28 

24 

iB 
72 

49 
33 

*5 

24 
62 

24 

20 

z8 

26 

24 

30 

30 
89 

23 
45 



Dol 

Dolk, Dole, 
Doltabad 
St. Dprningo 
Donawer^ 
Dort 
Dovay 
Drefdcn 
Dreux 
Drontheim 
Dublin 
Daifhiii|; 
Dumfrm 
Donbaiton 
t>4indee 
Dankirk 
Dorazzo, Brazzi^ 
Darham 
Dtti&ldflrp 
E. 
Ecija 
Edam 
Edinburg 
•E£ra 
EDcnheim 
Ekrenford 
ElbaiTen 
El bin 
Elcatif 
Elfimburg 
Elfinore, Halfingore, 
Elvas 
Ely 

Emboli 
Emmeric 
Emden 
Euchaiftn 
Engers - 
Ens 

Enfiiheim 
Ephefus 
^PP^agon 
Erfarc 
Erivan 
Erkelen3 

Erz^fum 
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47«l 
20a 

i8n 

49tt 
5in 

son 

5111 
49n 

54n 
Sin 

55» 

560 

51 n 
4Zn 
55 n 
sm 

37 n 

52 p 

48 n 
[55 n 
4i n 
S4n 
25 n 
56x1 
S6n 

39 n 
52n 

42 n 

Sznj 

530 

52n 

5on 

480 

48 n 

38 n 

40 n 
5in 
4dn 
50 n 

49 n 
4021 



Ion. 
16 

9S 
309 

30 

H 

*S 

33 
20 

12 

z6 

>^ 

H 

H 
21 

43 

26 

12 

25 

3? 

27 

29 

43 

39 

59 

33 

3? 
10 

18 

4$ 
?5 

27 

?4 

27 

34 
27 

47 
29 

3» 

.45! 
25 

»9 
80 



95 



^flingen. 



^6 GEO 

Eflingfiii Elfingy 
Efna 
EfTen 

Eftell^ 43^ 

Eftremots 3^" 

Eu 5o» 

Evora 39 '^ 

Exeter . 5 1 » 

Eyndhoven 5 1 n 

^ Eyfenach 51 n 
F. 

Faenza 44" 

Falkenburg 549 

Falmouth 5°" 

Famagufta 3$n 

Fano 44*^ 

Farewcl cape 60 n 

Faro 36 n 

Fefanta 3611 
Fefanta de Bagota 4 n 

Ferdep, Vcrden 5311 

Ferendno 42 n 

Fcrmo 43 n 

Ferrara 44 » 

Fcrrol ' ' 43 n 
Fclipour ' 27 n 

Fez 33 n 

Finale 4411 

Flenfburg 55 n 

Florence 43 n 

Flour 45 n 
Fluihing, Uliflingen, 5 in 

Fogaras 47 n 

Foix 43 n 

Foken 27 n 

Fondi 41 n 
Foiitainbleaa - 48 n 

Fonterabia 43 n 

Fontehoi 5 1 n 

Forbi 44 n 

St. Foy 44 n 
Fraga - 41 n 
Francfort (Saxony) 52 n 

Francfort (Rhine) 50 n 

Frankendal 49 b 

Frafcati 4 in 

Frederick 3 1 n 
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lat. lion 
49 n 29 
25 n 55 
gin 26 

10 

20 

9 
>5 
25 

30 

32 
36 

4 
56 

34 

334 
II 

269 

305 
29 
34 
36 

33 
12 

98 

29 
29 

32 
23 
23 
48 
21 

139 
36 

22 

16 

23 
33 

iS 

18 

34 

27 
28 

34 
297 
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• 

Frederickftadt 
Fredericfode 
Freiburg 
Freiicngen 
Friburg 
Fridburg 
Friedburg 
Frifach 
Fr itzlcr 
Fuld 
Fuligno 
Fumes 
Farftenfelt 
G. 
Gae^a 
Gallipoli 
Gahdia 
Gangea 
Gabi 
Gap 
Gaveren 

Geertrudenburg 

Geldres 

Galenhaufen 

Gemund 

Geneva 

Gengenbach 

Genoa, Genoua, 

Germenfheim 

Gerumenha 

Gepping 

Gevalia 

Ghent, Gant, 

Giawle 

Gibraltar 

Gieflen 

Qingen 

Ginge 

Giovenaz20 

Girace 

Girge 

G iron a 

Gifors 

Giula 

Giufdendil 

Glandeves 

Glafcow 



lat. 

;6n 

'6n 

480 

490 

46 n 

48 n 
50n 

47 n 
5in 
Sin 
42 n 
gin 

47" 

41 n 
41 n 

39° 
41 n 

i^n 

44 n 
5in 

52n 

52n 

500 

49 n 
4611 

48 n 
44 n 

49" 
39 n 

48 n 
60 n 
Sin 
60 n 
36n 
5in 

49 n 
I2n 

41 n 

39 n 
26n 

42 n 
49 n 
47 n 
430 
43n 
56 a 



Ion. I 
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3« 
27 
32 

37 

31 

28 

35 
30 

29 

34 
22 

37 



35 

47 

17 
67 

102 

26 

23 

24 
26 

29 
30 

26 

27 

29 

28 

29 

30 

38 

23 
29 

11 

29 
30 

99 

37 
3^ 

52 
22 

2c 

43 



HI 
Glau 
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^1 



Glatz , 

Gloncefler 

Glogaw 

Gluckftadt 

GpefDe* Guifca 

Goa 

Goes 

Golconda 

Golnau 

Gombron 

Gor 

Gorcum 

Gorce 

Goritia 

Gorlitz 

Goflar 

Gotha 

Gouenburg 

Cjottingen 

Gottorp 

Gowde 

Grace 

Gradifca 

Gran 

Granada (Spain) 

Granada (America) 

Grandents 

Gratz 

Gtave s 

G ravelin 

G raven ec 

Gravina 

Grenoble 

Grimborb 

Gnpfvvald 

Grodno 

Groengen 

Groll 

Grofetto 

Grotika 

Grupenhagea 

Gaadaiajara 

Guadalaxara 

Gaadix, Acci* 

Goaleor 

Guamanca 



54 

52 

i6 

S4 
2^ 



lat. 
son 
S2o 



lion 

37 
16 

5 « n . 37 
29 

38 

94 

24 

n 98 

n 36 
n 76 
32 n 105 
"2n 24 

5" 28 
46n 34 

-in 35 

2n 30 

Sin 31 

S8n 32 

52 n 30 

55 n 30 
52 n 24 

43 n, 27 

^^" 39 
37n 14 

1 1 n 289 
S3n 40 

47" 
52n 

Sm 

n 

41 n 

45 n 
son 

S4n 
S4n 

53 n 
52n 

42 n 



37 
26 

22 
29 

38 

25 
26 



34 

45 
26 

26 
32 



I lat. 



45 n 40 
5' r 3c 
21 n 270 
40 n 14 
37n 15 
26 n 99 

i2n!305 



Gaarda 

Guatifflal 

Guaxaca 

Guben 

Gueret 

Goiaqai^ 

Guiara 

Gurk 

Guftrow 

H. 
Hadderfleve 
Hadramat 
Haerlem 
Hagenan 
Hagne 
Hailbran 
Halabas 
Halberftat 
Hall 

Halmfladt 
Ham 
Hamadan 
Hamburg 
Hamchea 
Hamelin 
Han an 
Hanover 
Hapfal 
Harburg 
Harderwick 
Havanna 
Havre de grace 
Hean 

Heidelburg 
Helmftadr, Halmflat 
Helvoetfluys 
Heraclea 
Fferat 
Herborg 
Hereford 
Herenials 
Hermanihidt 
Hefilin, Hefdxn, 
Hilderlheim 
Hindown 
HirchfieW 



400 
ijn 

i8n 



lOD. 



12 

280 

1*77 
5^nl 35 
470 



2 f 297 



iin 
47 n 
540 

S6n 
i6n 
S2n 
48n 
S2n 
49 n 
27 n 
S2n 

49" 
57n 

S2n 

35n 

54'n 
300 

S2n 

son 
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Quakenburg 

Quebeck 

Queda, K'eda 

Qucdlinburn 

Queflin, Queviling 

Queinoy 

Queyang 

Quillebeuf 

Quiloa 

Quimper 

Quimperlay 

Qainque cccle£as 

St. Quintia 

Quito 

R. 
Raab 

Rachclfburg 
Ragufa 
Rajamahal 
Rajapour 
Rain 
Rakaw 
Rakonic 
Rambervillers 
Ramillies 
Ranchira 
Ranetz 
Rantzow 
Raorconda 
Raperfwill 
Razeburg 
Ratipor 
Ratifbon ^ 
Ratzeburg 
Rava, Rawa 
Ravello 
Ravenna 



lat. (Ion. 
38 n 
I 



44 
118 



43 n 

430 
44n 

fpn 

32n 

450 

41 n 

520 

47 n 

70 
52n 

26 n 
5on 

27 n 
49 n 
10 fl 

48 n 
47 n 

46 n 
son 

«3f 

48n 

47 n 

43 n 
24 n 
22n 
49n 
36n 
son 

48 n 
5«n 
I2n 
55n 
54 n 

47n 
60 n 

50B 

49 n 
54 n 
52n 
41 n 

44 nl 



42 
4> 
4» 
114 
56 

36 

27 

304 
lis 

31 
129 

«3 
126 

23 
59 
»4 

*5 

40 

23 
300 






38 

37 
40 

106 

97 
31 

59 

33 
26 

306 

43 

30 

99 
28 

44 
38 
32 

3* 
40 

361 

33* 
Ravenf* 
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Ravenfl>erg (Weftp. 
Ravenfberg (Swab. 
Real, Chiapa, 
Realejo 
Rcbirick 
Reccandi 
Rees 
Rcggio 
Rcgio . 
Rennes 
Rcfcht 
Rethel 
Rethigen 
Revel 
Reutllngen 
Rezan 
Rheines 
Rhineberg 
Rhinfelden 
Rhodes 
Richelieu 
• Ricfi 
Rieux 
Riga 
Rimini 
Rio, Riom 
Ripatranfone ' 
Ripen 

Rifano, Rifne 
*Riva 
Rivadec 
Rivoli 
Roanne 
Rochelle 
Rochefter 
Rochfort 
Rocroix 
Rodezy Rodes 
Roermond 
Rbleduc 
Romans 
Rome 

Ronciglione 
Ronda 

Rofchid, Rofchild 
Rofes 
Rofecto 



]lat^ilon. 

y.5" 
)47n 

121} 

45 n 
43" 

52D 

44D 
38n 

48 n 
38n 

49 n 
4Sn 

59 n 
48 n 

55 n 
490 
Sin 

36 n 

47^ 
430 

43 n 
57 n 

44 n 

45 n 
43 n 
$6n 

43 

46 n 

43 n 

45 n 
46n 

46 n 
5in 
46 n 
50n 

44 « 
5in 

51 n 

45 n 
42 n 

41 n 
360 

56 n 

42 n 



*7 
29 

281 

307 
47 
36 
^5 
31 
37 
1/ 
72 
«4 

It 

«9 
64 

24 

2t> 

27 

40 
18 

25 

19 

45 

34 

23 

35 
29 

42 

3> 

10 

27 
23 
17 
19 
17 
24 

22i 

25 

26 

25 

34 

35 
II 

32 
22 



3» 



ol-^d- 



Rofiennc 
RoiTanno 
Rollocic 
Roflow, Roftof 
Rotenburg' 
Rottenburg 
Rotterdam 
Rotweil 
Roven» Roan 
Rovigo 
Royc, Roya 
Rudelfwert 
Rudifto 
Ruffacu 
Ruvo . 
Rzeczyca 
S. 
Sabionetu 
Saccai 

Saderafapaton 

Sagan 

Said 

Saintes 

Salamanca (Spain) 

Salamanca, America, 

Salamis 

Salenkamen 

Salem 

Salerno 

Sail n 8 

Saliibur/ 

Salle 

Salm 

Salona 

Salonichi 

Salfes 

Salibna . 

Saltfburg 

Saluzzo 

Samarkand 

Samaria 

Sandec, Sandecz 

Sandomir 

SangaeiTa 

Santa cru? 

Santa maria 

Santafe - 



lat. 


Ion. 


>5n 


44 


•|>on 


38 


>4n 


33 


57 n 


60 


49 n 


3» 


53 tt 


29 


52 n 


24 


48 n 


26 


49n 


21 


45 « 


3* 


49n 


23 


46n 


36 


42 n 


53 


48 n 


27 


41 n 


38 


53n 


5« 


450 


3^ 


36n 


»55 


I2S 


100 


52n 


35 


27 n 


5* 


46 n 


>7 


41 n 


11 


i7n 


285 


47 n 


44 


45 n 


42 


42 n 


308 


4in 


H 


47 a 


26 


5in 


16 


34n 


ir 


48n 


27 


440 


39 


4in 


46 


430 


20 


42 n 


J9 


43 n 


33 


450 


27 


40 n 


86 


330 


58 


49n 


41 


5on 


42 


470 


*7 


23 n 


293 


8n 


298 


36n 


269 



105 



Sanu 
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Senta fe dt bagota 

SBntarem 

Sftnten 

SfintillaBS 

Simtuliet 

Simtorini 

Siftquem 

Sara^fa 

Saraio^ Seraio 

Sarbrac 

Sardis 

Skrlat 

Saroo 

Sar£Qa 

Sarcaaa 

aa&ri 

Savanna 

SavigUa!iO 

Samur 

Savona 

Sayarook 

Scala 

Scand^roon 

Scares, Saros^ 

Schafhaufen 

Schamachia 

Scharding 

SdklelUt 

Schemnitz 

Schiras, Chiras 

Schombe^g 

Scbonfter, Safa 

Scbweidnits 

Schweinfart 

Scio 

Scrivan 

Sctttare 

Sebenico 

Sccandra 

Sedan 

Sees 

Segedin, Seged 

Scgefwar 

Segewoldy Sevold 

Segni 

Scgorbc 

Segovia (Afia) 



lat. 

in 

39 n 

143 n 
5«n 
36n 

»9n 
41 n 

450 

29 n 

S7n 
45 n 
410 
44n 

44 n 

40 D 

32 n 
44 n 

47 n 
44 n 

4in 
36n 
49n 

47 n 
4in 
460 

48 n 

49n 

30 n 

50 n 
3in 
5in 
5on 



Ion. 

304 
10 

a6 

»3 

23 

45 

5^ 

7 

40 
27 

48 
ai 

36 
33 

3« 
29 

297 

27 

30 

29 

306 

36 

57 
41 
28 

70 

33 
27 

39 

73 

26 

68 

37 

3» 

54 



icn'276 
42n! 42 



44 n 

2711 

49 n 

49" 
46 tt 

47 B 

57 n 
4£n 
i)Oa 



38 
99 
^5 
1^ 

42 

46 

'35 






Segovia (Spain) 

Selivrea 

Semendrla 

Senex> Senes 

Sens 

Seregippe 

Sefia 

Serines^ Athens 

Ssverino 

Scviero 

Seville 

Sibet 

Sichem 

Sidon, Zidon 

Siegen 

Sienna 

Sigan 

Sigctb, Zygct 

Sigiilan 

Siguenza 

Siliflria, Dorefiero 

Sillebar 

Simmerea 

Sincapora 

Sinope 

Sion 

Sirad 

Siriinafi:er 

Sirmiam 

Sifcg 

Siideron 

Slawkaw 

Slefwtck 

Sluesk 

Slays 

SmalkaJen 

Smoleniko 

Symrna 

Snakenburg 

Sneek 

Soconfco 

Suczow 

Soefl 

Sofala 

Sofia 

Soigne^ 
SoiMlSt 



It. lon.f 
in 13 



lat. 

4" 
43 n 
45 n 
44n 
n 



48 
II 
41 
38 
39 
42 



n 

a 
n 
n 
n 



37 

15 

32n 

33" 
5in 

43 n 
34n 
46 n 
3in 

41 n 
44n 

4 
50 n 

in 

42 n 
46 n 
52n 
3 1 a lOO 



45 n 

46 n 

44 a 
49n 

55n 

53" 
in 

ji n 

38al 
53n 
S3^ 



47 n 
5 



20 



3 

53 

43 
26I 



^339 
3^ 

'44 

4» 

371 
II 

56 
57 

2g 

3« 
128 

39 
$2 

15 

47 
12*1 

*7 
124 

56 

27 
38 



4» 

38I 

«5 

37 

SO 

50 

23 

3* 

54 
47 
$^ 
25 



icnzSo 
48 



28 



2n 
f 

43 n 
50 n 

49^ 
Solms 



55 
47 
«3 
23 
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lat. 


k 


lat. 


Ion, 


Solmi 


son 


Tafala 


>3n 


17 


Solothnm 


+7* 


Tafilet 


ion 


■3 


SoDdro 


36. 


Taitchen 


:9n 


141 


Son 


tir 




iZn 


3' 


Soraw 


S2n 


Tanaflfrim 




1.8 


Somlnt* 


41 D 


Tancrowal 


<4n 




Sottodtu 


63" 


Tangier 
Tanfonr 


561, 


ti 


SoTaBnii 


4«B 


111) 


99 


Sp«a. Spaw 


son 


Taormina 


3Sl> 


36 


Spal«tto, Spalatm 


♦+"» 


Tintoa 


;>n 


lo 


Spandaw 


SJh 


Taragona 


4ln 


•9 


SpirtK 


4911 


Tarento 


40 n 


39 


Spolftto 


4a n 


Tarafcon 


43 n 


24 


Sprouw 


jan 


Tarbe 


43" 


18 


S^aUlace 


39 n 


Taigarod 


47 n 


47 


Stade 


S4n 


Taiiorifco 


48n 


4« 


Sugno 


*3n 


Tariffa 


36n 


12 


Sunt ■ 


47 a 


Tarku 


4:0 


71 


Suria : 


S8d 


Tarodant 


3on 


S 


&ta.Yea^t 


59 n 


Tarracon 


41 n 


16 


Suvem 


53" 


Tarragon 


4on 


•9 


Steenbms 


Sin 


Tarfu,, Teraflb 


570 


II 


Stcnay 


49 » 


Tatta 


s6n 


Steada! 


53» 


Tavafluj 


61 n 


4S 


SKreburg 


i3H 


Tavira, Tavir 


37 n 


9 


Stetin 


S3n 


Tauri* 


38 n 


66 


Steyre 


49 H 


Tayiren 


39" 


1*8 


SeodduOm 


S9n 


Toclclenborg 


Szn 


a? 


Stnirund 


54" 


Tcgapatan 
Teflickeriy 


8n 


96 
95 


Stralbnrg 


48 b 


Temefwaer 


46 n 


4^ 


Straobing 


491 


Tergowifk 


46 n 


46 


Strongolo 


39 n 


Tertnini, Tennola 


4zn 


37 


Stngart 


48n 


Terni 


41 n 


34 


Satz 


jon 


Ternova 


430 


46 


Snlmoia 


42 


Tervel 


ton 


17 


Sunnebug 


S3n 


TefcUn 


son 


39 


Surinam 


6d 


3 Thebej 


38 n 


,3 


Snra 


45" 


«7 


Thionvilte 


4on 


36 


Sofdal 


57" 


66 


St. Thomas (Aiia) 


■3" 


100 


Swallen 




9* 


St-Thomat, America 


7" 


ii^ 


Swerin 


S4" 


32 


Thonon 


46 n 


s6 


Switz 
Swacnfe 


i7n 
37" 


It 


Thorn 
Thoulon, Toulon 


53" 
47 n 


11 


T. 






Tholoufe.Touloufe 


44" 
4jn 


19 


Tabafoo 


■ Sn 


'»3 


Titul 




Tacungo 


Hfl 


300 


TivoU, Tibar 


44 n 
Tib 


34 
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Tobol&i 

Tocat 

Tockay 

Todi 

Toledo 

Tolofa 

Tombut 

Tomebam!>a 

Torcello 

Tordecillis 

Torgaw 

Torna 

Tome 

Tortona 

Tortofa 

Toul 

Tournay 

Toamon 

Tours 

Traerbach 

Tranchin, Trenchin 

Trani, Tranc 

Trapano 

Trapezond 

Traw 

Trent 

Trevigio 

Trevoux 

Triers, Trcvcrs 

Triefte 

Trinidada 

Trinquebar 

Tripoli 

Triquicr 

Trois rivieres 

Troki 

Trppea 

Troppaw 

Troy 

Troyes 

Truxillo (Europe) 

Txuxillo (America) 

Tubingen 

Tucoyo 

TuDJa 

Tunis 

Turin 



lat. 
6511 

41 n 
48 n 
43tt 

39 » 

43 » 
14 n 

43 a 

41 n 

Sin 

48 n 
66 n 
44n 

40 n 
48 n 
50 n 

45 n 

470 
son 

49n 

4in 

38a 

42 n 
440 

46 n 

45 n 

46 n 

son 
46 n 

i3n 
i2n 

3jn 

48 n 

47« 
54n 

39" 
son 

f39n 
48 n 

8n 
48 n 

7a 
4n 

:;6n 

44 n 



Ion. 

93 
59 
42 

33 

'•3 

15 

7 
301 

S3 

4' 

43 

28 

iS 

25 
23 

24 
19 

27 

38 

38 

33 
62 

38^ 
31 
32 

24 
26 

34 

284 

iOI 

»3 

'4^ 

303 

46 

37 
38 
46 

24 
11 

301 

29 

310 

306 

30, 

2 
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, 


lat. 


Ion. 


Tuy 


4«I3 


i 8 


Twer, Twcre 


57« 


1 60 


Tyre 


321 


' 58 


Tzorlic 


43 « 


53 


V- 






Vado 


44n 


29 


Vaifon 


440 


26 


Valence 


45 n 


25 


Valencia 


390 


*7 


Valenchicnnes 


son 


23 


Valenza 


45 n 


. *9 


Valkenburg 


Sin 


25 


Valladnlid 


42 n 


'3 


Vallona 


41 n 


i.1 


Valparaifo 


33ft30i| 


Van 


38 n 


64 


Vannes, Vennes 


47 n 


»5 


Varna 


45 n 


53 


Vaudemont 


48 n 


i6 


Ubeda . 


38 n 


14 


St. Ubes Setttval 


38 n 


8 


Udenikoi 


53 n 


ii6 


Udino 


460 


33 


Velletri 


4* n 


34 


Vence 


43 n 


27 


Vcndofme 


4^u 


18 


Venice 


45 n 


33 


Venlo 


51 n 


26 


Venta de cruz 


9n 


297 


Ventimigiia 


42 n 


27 


Vera ci*uz 


iSn 


276 


Vera pax, Coban 


iSn 


285 


Verceili 


45 n 


28 


Verdun 


49 n 


25 


Vernon 


49 n 


21 


Verona 


45 n 


3* 


Verfailles 


48 n 


22 


Verua 


45 n 


28 


Vefprin, Weilbrun 


47 n 


39 


Vczelai 


47 n 


23 


Viana 


42n 


16 


Vianden 


son 


26 


Vicenza . 


450 


32 


Vich 


4.2 n 


20 


Vienna 


48 r. 


37 


Vienne 


45 n 


24 


Vigevano 


4i? 


29 



Vigo 



t 


% 
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lat. 


iOQ. 


Vigo 


4.211 


8 


ViUarica 


son 


278 


Villcna ' 


3811 


16 


Vire 


480 


«7 


Vifct 


5in 


26 


Viiiapour 


1711 


96 


Viterbo 


4211 


33 


Vitoria, Vidoria 


43 n 


«5 


Vivicrs 


44" 


24 


Vize 


43 B 


52 


UladMaw 


53" 


39 


Ulm 


4811 


30 


Ulmcn 


5on 


26 


Uma 


6411 


38 


Umbriatica 


4on 


4* 


Voidenar 


40 n 


45 


Volona 


42 n 


40 


Volterra 


43 n 


3» 


UpCal . 


60 n 


38 


Urbine 


43 n 


34 


Urgel 


421) 


*? 


Ufcopia 


43 n 


46 


tJtica 


3711 


29 


Utrecht 


52n 


25 


Uzez' 


44n 


24 


W. 






Wagin ingen 


Szn 


25 


Walcourt 


^on 


It 


Waldfliut 


47 n 


Wangen . 


47 n 


30 


Waradin 


47 n 


42 


Warafden 


47 n 


38 


Warfaw 


S;2n 


4' 


Warta 


5«n 


43 


Wartcnburg 


Sin 


37 


Waterford 


5211 


11 


Weil, Weilftat 


49 n 


28 


Weilburg 


gon 


28 


Weimar 


5in 


3' 


Weifenburg Tranfil. 


4611 


45 


Wells 


4811 


34 


Werden 


5in 


26 


Werdenburg 


47 n 


30 


Werl 


5111 


27 


"Wertheim 


5on 


29 


Wefel 


5in 


26 


Weflerwick 


58n 


37 
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Wctzlcr 
Wexio 

WJiidah, Fida 
Wiburg 
Wiburn 

Wi<lcn, Vidden 

Wihitz 
Wilkomers 
William (burg 
Williamsfort 
Williamftac 
Wilna 
Wimpcn 
Winchefter . 
Windaw 
Winnicza 
Winoxbergen 
Wifby 
Wifmar 
Witepflci 
Wittenburg 
Woerden 
Wolaw 
Wolfenbuttle 
Wqlgaft 
Wolkowfka 
Wolodimar 
Wolodomer 
Wologda 
Worcom 
Worms 

Woronitz, Worotin 
Wurtzburb 
Wynendalf 
Wynoxberg 
X. 
Xaca, Sacca 
Xalifco 
Xativa 
St. Xavier 
Xeres de badajos 
Xeres de la frontera 
Xeres de guadiana 
Xiceu 
Xilopalis 
Xinian 
Xbcona 
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lat. 
jon 

57° 
6n 
560 
61 n 

44 « 
4511 

55n 
37 n 
2311 
5in 

55n 

4911 

51 ti 

570 
4911 

5in 

57 n 

5411 

55n 
5in 
5211 
5in 

52 n 

54-n 

55 n 
5011 

57" 
59 n 

49 n 

54" 
5on 

91x1 

5in 

37^ 
22n 

39 n 

24 f 

38n 

3711 

37" 

2711 

420 

3in 

l38n 



Ion. 

34 

23 
29 

50 
46 

46 
302 
107 

24 
46 

29 

»7 

43 

50 
21 

38 

3« 

54 

33 

24 

37 

30 

34 

44 

45 

50 
6z 

24 

28 

65 
3« 

23 
21 

34 
268 

'«7 

328 

10 
1 1 

9 

122 

47 

171 



Xuaaogrod 



no 



G E 



Xuaao^^d 
Y. 

Yea 

Ylft 

Yoangfn 

York 

New York 

Yprcs 

Yfendic 

Yfondua 

Yvica 

Yvoijc 

Z. 
Zabern, Saburu 
Zabern clfas 
Zabes 
Zabola 
Zagrab 
Zamora 
Zamoiki 
Zamora 
Zara 
Z argon a 
ZzrnsLW 
Zailow 
Zator 
Zawolocze 
Zeby . 
Zeigenheim 
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lat. |lon. 
45 » 3«l 



25 

741 
as 



145 » 

330 
5311 

54a; 17 
41 n 304 
Sin 33 
Sin 

47 n 

39 n 

son 



22 

22 

'9 
25 



490 
48 n 
4711 
47 n 
46 n 
42 n 
son 
4in 
44 n 
4Sn 
Sin 
son 
son 
57 n 
57n 

is-i«i 



28 

27 

45 

47 

37 
12 

,44 
26 

37 

4o{ 

46; 

5« 

30 
29 



Zeitz 

ZcU 

Zemlin 

Zeng,. Segua 

Zenobiz 

Zenonis 

Zerpft 

Zers 

Zeverinttm 

Ziericze 

Ziget 

Ziltz 

Zinuhetm 

ZiiTcra 

Zittaw 

Znaim 

Zolaritzo 

Zollem 

Zolnotrk 

Zornajam 

Zug 

Zurick 

Zutphen 

Zwcybruck 

Zwickaw 

Zvvifalen 

Zwingenburg 

Zwol, Swol, 

Zvvonik 

Zytomicxz 



(lat. .Ion 
$in 

53» 



48n 

45" 

450 .. 
48 n 6$ 

S«n 
45° 



3» 
30 

4* 
37 
44 



4$n 

Sin 
46 n 

44 n 
49 n 

57« 
9111 

4Sn 

64 n 

48 n 

47» 
56 n 

46 n 

47 n 
S2n 

49" 
son 

48 n 

49 n 
53 n1 

44" 
tsiB 



t 



45 

25 

5^ 

4 
29 

54^ 

3 

I 

28 

4» 
60 

2 

29 
26 

27 

3^ 

29 
28 

«S 
42 

52 
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SECT. II. 

The u/e of the Terreftrial Globe^ in the 
Solution of Geographical Problems, 

I 

TH E parts of the terreftrial Globe arc much 
the lame as in the celeftial ; thefe are the 
brazen meridian, the wooden horizon, the qua- 
drant of altitude, the horary circle, the femicircfe 
of pofition, and the mariners compaf^ The eaft* 
cm edge of the brazen meridian is divided into 
degrees, and reprefents the true meridian. The 
upper fide of the wooded horizon is divided into 
degrees, and reprefents the true horizon. The 
quadrant of altitude is a thin brafs plate, fixt to the 
meridian at any point of it required, by a nut and 
a fcrew. . That edge of it which is divided into de- 
grees is called the fiducial edge, and properly re- 
prefents the corrcfponding great circle. The ho- 
rary circle is divided into 24 hours, making twice 
12; and 1 2 at noon is at the upper part of the me- 
ridian, and 12 at night at the oppofite fide •, the 
morning hours to the eaft, the evening ones to the 
weft ; the end of the axis reprefenting the pole, 
carries round the hand, which fhews the hour. 
The femicircle of pofition has its extremities fixt 
to the north and fouth points; about which it 
moves freely, and may be fet to any pofition. The 
mariners compafs is placed on the foot of the globtf, 
and ferves for fetting the globe in the fame pofi- 
tion as the heavens. 

The circles drawn on the terreftrial globe are, 
the equinoftial, and the parallels of latitude to 
every 10 degrees, the two tropics, and the two 
polar circles ; alfo the meridians at every i o de- 
grees diftance upon the equinoflial, beginning at 

the 
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Fig. the firft meridian, which is' or ought to be, that 
paffing thro* th^ ifland of Ferro^ one of the Ca- 
naries. The ecliptic is alfo drawn on the terreftri- 
al Globe, tho* it belongs properly to the celeftial; 
and is put upon the terreftrial for the fake of re- 
folving fome problems of the fphere. Alfo rumb 
lines are drawn upon fome vacant place of the 
terreftrial globe, (hewing the 32 winds or points of 
the compafs. 

Tht? furface of the terreftrial Globe differs from 
that of the celeftial, in this particular ; that upon 
the celeftial are defcribed the feveral conftellations 
of the heavens, with the true places of all the ftars. 
But upon the terreftrial, the feveral countries of 
the world are defcribed ; all lands and feas ad- 
joining to them ; all iflands, capes, bays, moun- 
tains, rivers, towns, and other things upon the 
earth are delineated in their proper fituation, juft 
as the places themfelves, which they reprefent, are ' 
upon the earth. So that this globe or little earth 
will be exa6>ly fimilar to the great globe of the 
earth; and all their correfpondent parts will 
ht in a fimilar pofition. And if this terreftrial 
globe be turned about its axis, it will likewife have 
a fimilar motion with the earth itfelf. And fo there 
is an exa6t agreement between the natural pofition 
of the feveral parts of 'the earth and fea, and their 
artificial representation upon the terreftrial globe • 
by which means a great many problems of the 
fphere niay be very eafily refolved. I fiiall here 
lay down fuch as belong properly to the terreftrial 
globe, referring the reft to the celeftial globe, de- 
livered in Seft. III. of the Aftronomy. 
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Fig. 
P R O B. I. 

To find the latitude and longitude of a given place 
upon the globe. 

Turn the globe round its axis, till you bring the 
place under the^ brafs meridian^^ there let it reft. 
Then the arch of the meridian, comprehended be- 
tween the given place and the equator, is the lati*^ 
tude -, which is north, if it lie towards the north 
pole ; or fouth, if towards the fouth pole. And 
the arch of the equator contained between the firft 
meridian and the brafs meridian, is the longitude. 

If you would have this longitude in hours, bring 
the firft meridian under the brafs meridian, and fee 
the hour index to 12, then turn the globe towards 
the weft, till your place come under the brafs meri- 
dian ; and then the index will (hew.the hours corre- 
fponding to the longitude, or the longitude in time, 

P R O B. ir. 

To find upon. the globe ^ any place whofe latitude and 
Ihngitude is given. 

Reckon the longitude along the equator, and 
bring that point of it to the brazen meridian ; then 
count the latitude along the brafs meridian north7 
wards or fouthwai'ds,' and there you will find the 
place required, for either north or fouth latitude. 

P R O B. III. 

The latitude of any place being given ; tO' find all 
tbofe places that have the fame latitude. 

Bring the place to the brazen meridian, make 
a mark there 5 then turn the globe about, and all 

I thofe 
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Fig.thbfe places thatpafs under that mark, have the 
fanje latitude as the plice /ghreiu 

Likewife all thofc places may be found that have 
tht iattie longitude as a given place ; for if that 
place be brought to the meridian, aH thofc places 
then lying under the meridian have the fame longi- 
tude. 

P R O B. IV. 

^ofind thediffenneeef latHude^ and difference of 
iongiiude between artf two gwen f laces. 

For die difierencc of latitude. Bring each of 
the places to the 1>rafs meridian, and mark the 
.points of interfeftion ; then count the degrees of 
-the meridian contained ^tween thefe marks ; and 
you have the difference of latitude. 

For the diifference of longitude. Bring -each of 
the places to the brafs meridian, and mark the two 
points of 'the equino^ial <ut by the meridian ; 
count the degrees of the eauinoftial between the 
iTjarks, and thatis the<iiff. longitude. Or for the 
diff. longitude in time ; bring one place to the me- 
ridian, and fet the hour circle to 1 2 ; then bring 
the other place to the meridian j and the number 
of hours between 1 2 and where the hand (lands, 
is the difF. longitude in time. 

P R O B. V. 

'Tojind the diftance of two places upon the glohe. 

Apply the quadrant of altitude, or brafs femi- 
circle to the globe, to pafs thro* the two places. 
Then the number of degrees between them, count' 
ed upon the quadrant or femicircle is the diftance. 

Or take the diftance between the two places with 
a pair of compafles, and apply it to the equator, 

and 
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and it wiil fhcw how many degrees are contained Fig* 
in that diftance. 

It you would know the diftance in miles, mul- 
tiply the degrees by 60, gives the minutes or gco* 
graphical miles. 

P R O B. Vf. 

Ta teSify tbeglohi. 

Set the globe upon a horizontal plane, fo that 
the needle may point towar^is the north, allowing 
for the variation. 

Rarle your cleTatcd pole fb many degrees above 
the horizon as is equal to the latitude ; moving the 
9ieradian up and down, till tha^t number of degrees 
touches the horizon, there let it reft. Then the 
globe is redrfied for tht latitude. 

Count the degrees of latitude from the equator 
towards .the elevated pole, and where it ends, is 
the zenith. To this point fix the quadrant of alti- 
tude, (b as the graduated edge of it may touch 
that point. 

Bring the fun's place in the ecliptic to the me- 
ridian, a^nd then fct the hour index to 1 2 at noon ; ' . 
fo the globe is retlified for the fun's place* And 
tf your place be brought to the brals meridian^ 
then the meridian of the globe will coincide with 
the meridian of the place, and the globe will be 
in the fame lituation as the earth at noon. 

P R O B. VIL 

^0 jind ho<w any given place bean frcm yawr place ^ 
upon a great circle^ 

Having reftified the ^lobe for your latitude, and 
fixed the quadrant of airitude in the zenith, by the ' 
laft Prob. Turn the globe about till your place come 
to the .brafs meridian, there ftop it j then turn the 

I 2 quadrant 
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t'ig, Quadrant of altitude about, till it pafs thro* the 
other place, let it reft there ; then count the num- 
ber of degrees upon the horizon intercepted be- 
tween the brafs meridian and the quadrant of al- 
titude, arid that will be the angle of pofition. 

By this means you may know how all the coun- 
tries round about are fituated in refpeft of your 
dwelling. And.^fo what places bear upon any 
point of the compafs you defire. 

P ROB. VIII. 

« 

To find ibe antacid perUci^ and antipodes to any 
given place. 

Bring the given place to tlie meridiafi, and find 
its latitude 5 reckon the fame number of degrees 
from the equator to the contrary pole, and where 
the reckoning ends is the antasci. 

The given place being ftill at the meridian, fet 
thehour index to 12 at noon, then turn the globe 
about till the index points to 12 at night j then the 
place in the fame parallel which Js under the me- 
ridian, is the place of the periasci. 

The globe having this laft fituktion, that place 
which is in the oppofite parallel, and under the 
hieridian, is the place of the antipodes. 

PRO B. IX. 

To find what a clock it is at any ^iven place \ when 
it is noon^ or any other hour at y out place. 

' Reftify the globe, and bring the place of your 
habitation to the brazen meridian, and fet the in- 
dex to 12 at noon, if it be noon at your place^ or 
elfe to the given hour ; then turn the globe about, 
till the given place comes to the brafs meridian ; 

and 
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and then the index will point to the given hour at Fig- 
that place. 

P K. O B. Xi • . "" • -* • 

The hour of the day being givin at your places t9 
Jlnd the place or places where it is noon^ or any other 
bour-propofed. 

: Reftify the globe, and bring your place to the 
meridian, and then letting it reft; fet the index to 
the hour given j then turn the globe round, till the 
index points to 12 at noon, if it is noon at the 
other place, or elfe to the hou^ given at that' place ; 
and then all the places lying under the brafs me- 
fidi^n are thefe required j or wherfe they reckon that 
time of the day* . 

And thus all thofe places are found, where the 
fun is in their naeridlan at a given hour, for it is 
then 1 2 a clock there;^ . ..•.,, 

p R o B. xr. 

. ^h& di^ and hour being given \ to find the place of 
the earth where the fun is vertical at that time. • 

. Having reSified the globe for ycMir place; get 
the fun's place for that time, and find it in the 
ecliptic, and bring it to the brazeii meridian, and ^ 
mark the place or the meridian^ with chalk. Then, 
turn the globe about till your place comes under 
the meridian,, there ftop it, and fet the index to thq 
given hour. Then turn the globe about till the 
index point to 1 2 at n€>on, there ftop it, and ob- 
ferve what place is under the n^ark orjk tho^,hmzctk 
meridian, for that is the place where the fun is ver- 
tical. 

• You may obftrve^ as the globe turns round, 
that the fun will be vertical fucceffively to all thqfe 
places that lie in that parallel, 

I a PROS. 
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PROS. XII. 

to find all the places where the fun is in the heri' 
zon rifing erfttting^ «/ a given beuf^ " 

The globe being rcdified, bring the fun's pXtt^ 
in the ecliptic to tlie brazen meridian, and mark 
the place on the meridian. Turn the globe about 
till your place conies under the meridian, then 
fet the index to the given hour ; then turning the 
globe till the index points to 12 at noon) 6b- 
lervc what place is under the mark. Bring this 
place into the zenith, then all places at the hoHs^ti 
will be the places where the fun is rifing or fetting^ 
the rifmg being to the weft fide, and the fettiiig to 
to the eaft. 

p R OB. xm. 

To find what^ a clack it is hy tbt gMe^ 'loben the 
funjbines. 

Redify the gfobe to the latitude of your place, 
iand fet it in a true pofition by the compafs \ then 
letting the fun's light fall upon it, obfcrve on the 
dark fide, that point of the equinoftial that fepa* 
ratci the light from the dark part ; reckon ho^ 
many times 1 5 degrees is contained between that 
point and the horizon, and fo maiiy hours it wants 
of :(2 a clock, if the dark fide is on the weft ; or it 
is fo many hogr^ paft 1 2, if the dark fide be caft^ 
ward. 

P R O B. XIV. 

Tofimi in what places, it is day^ and in whaiphai 
mghtj at a given timK 

This IS done by Prob, XII. For all thofe places 
that are above the it^orizon have day, and thofe 

under 
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under it have qight. And ^U thofe places under Eig* 
the meridian above the horizon have their noon» 
and 2^11 places under th^ noK^idi'aa b|elav ^ kori* 
zon have their midnights 

OPberwtfe. 

If the fqa fliines it nwy be done ^w 3 rtGiy^f 
the globe according to the latitude, a^d Tet it du^ ^ 
north aind ()uth by the; i^onopafs. Then bring jrow 
plaice to the meridiain, a^nd ia thijs poAtion )et t\^ 
fun (hine ^pon it, a^d i^ wiU be day to aU the i^ 
miniated part, and ^jlgli^t time to i^he dark part ^f 
the glpfeej. and fuii rue e^r fun fet,^ di the ciyclqfer 
f9xnivik% the light from the dark part. 

Far the glofc IB, npw in a like pofition as thp* 
e?rth^ and therefore it is, illuminated in^ th^ vety 
&me manner thai: the eaifth. ilTelf ia iUumioateda 

P R O B. XV. 

^ofnd the time of fun rijt^ andfetting^ 

Seftify the globe according to the ktitudei and 
bring the fun's place to the brafs meridian, and 
then fet the hour ind^x to u ^t noon. Thcft turn 
the glolpe about till th^ fuin's place cdmcs. to tht 
f aftern fide of the homon ^ then the ipdex wiU: 
fliew the? rim^ of fun rifiog ; and if the fon'^ 
pl^cc, by turning the gloJbe» be brought to th^ 
weftern pait of the bori^soiij^ the index wll&ew 
the time pf fup fet» 

Hence if the time of fun fet be doubted it gives^ 
the length of the day* And if the time of fun rife 
be doubted it g^vei the length of the' nights 
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Fig. . ' 

PRO B, XVI. 

Td find, the time of day breaks or the end of twr- 
lights on a given day. . . 

* Reftify the globe to the latitude, and bring the 
fun's place to the brafs meridian -, and fct the hour 
index to 12 a clock at noon. ' Then turn the globe ' 
^bout towards the eaft, till the fun's place be 1 8 
deg. below the horizon, or the oppofite point of 
the ecliptic 18 deg. above the horizon, and then it 
is day break, and the index (hews the time. This 
diftance of 1 8 deg. may be meafured with a pair of 
compaffes opened to that diftance, or by the divi- 
fions upon the quadraht of altitude. Again, turn 
the globe weftward till the fun*s place in the eclip- 
tic be 1 8 deg, below the horizon, and then the hour 
index will ftieW the time when twilight ends, 

P R O B. XVII. - 

7o find what countries have no dark night at any 
time prof ofed. 

Bring the fun's place at the given time to the 
brafs meridian, and count his declination upon the 
xneridian, which is always towards the elevated 
pole. Then elevate the globe fo, that the height 
of the equinoctial above the horizon may be equal 
,to the declination + 18 degrees. Then reckon what 
height the pole is above the horizon, which will be 
the latitude, where twilight begins to be perpetual. 
Therefore in all greater latitudes, fuch people ks 
dwell there, will have no dark night, but twilight. 
Or the morning twilight will begin before the even- 
ing t^yilight ends. 
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Fig. 

P R O B. XVIII. - 

To find in what latitude the fun begins tojhine con* 
ftantly without fettivg^ at a given time of the year. 
And alfo at what latitude in the ofpoftte hemifphere^ 
be begins to be totally abfent. 

Bring the fun*s place in the ecliptic to the braft 
meridian, and count his declination upon the me- 
ridian, and that will be the complement of the la* 
titude. Therefore reckon the fame number of 
degrees from the poje towards the equator, upon 
the meridian, and mark the place. Then turn the 
globe round, and all the places paffing under this 
mark, are thofe in which the fun begins to fliine 
conftantly without fctting. For that time. Mark 
the oppofite point of the brazen meridian, and 
turning the globe round, all the places in that pa- 
rallel under the mark are thofe where total darkhefi 
begins ; for there the fun begins on that day to be 
quite abfent, or totally'to difappear. 

P R O B. XIX. 

. To find the length of the longeji day or night in any 
given place. > 



) • 



Redify the globe to the latitude of the place, 
and mark any point in the tropic of cancer for 
north latitude, or in the tropic of Capricorn for 
fouth latitude. Then bring that mark to the eaft 
fide of the horizon, and fet the index of the ho- 
rary circle to 1 2 a clock at noon. Turn the globe 
about till the mark in the tropic comes to the weft- 
crn fide ot the horizon, Then obferve upon the 
hour circle, how many hours the hand or index has 
gone thro* from 1 2 iat noon ; and that is the length 
of the longeft day, as alfo of the longeft night. 

And 
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Figc And this fubtrafted from 24, leaves the length of the 
fiiorteft night oi* Aorteft day, at the given place. 

P R O B. XX. 

The htitude $/ th place in tbe fr^d zMe hinz 
given ; to find how many days ibefunfimcs confiantJf 
upon it. 

Reftify the globe according to the latitude^ 
then turn the globe about, and obferve what point 
of the firft quftdrarit of the ecliptic falls upon the 
interfedion of the horizon and meridian to^ the 
north, fuppofing the place lies north latitude* 
Find th^t point of the ecliptic tipon the wooden 
horizon ; ancl againft it ftands the day of the month 
when the f\m is in it. And then the longeft day 
begins at that place. 

Again, turn the globe about till fbme point of the 
fecond q^uadrant of the ecliptic falb upon the north 
interfeAipn of the meridian and horizon as before \ 
obferve what point of the ecliptic that is> aind 
find it on the wooden horizon, and againft it ftands 
the day of the month when the fun is there. And 
at that time the longeft day at that place ends. 

Then count the number of natural days contain- 
ed between the beginning and ending of this long- 
eft day ; and you will have the length of it. And 
the day firft found is the day of his appearance; 
and the latter, the day of his departure. And the 
number of natural days in the longeft night is the 
fame •, and begins and ends at the fame diftance 
from the winter folftice, as the day does from the 
fummcr one. 

Otberwife tbus^ 

The glob^ being elevated i^ccording to the lati- 
tude, bring the folfticial point tq the north part of 
the meridian. Then reckon the complement of 

the 
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the latitude from each fide of the equator upon theFigr 
meridian, and mark the places where the reckoning 
ends. Then turn the globe carefully about, and 
obferve what two jjegrees of the ecliptic comes un- 
der the northern mark ; then the intercepted arch 
of the ecliptic, reduced to time, gives the num- 
ber of days that the fun conftantly fhines, or re- 
mains above the horizon of' the place ; which is 
the length pf the longeft day there. And tbd op- 
pofite arch equal to it, gives the number of days 
he is abfent, or the length of the night. Or ob- 
ferving the points of the ecliptic palling under the 
fouthern mark, the contained arch reduced to time, 
gives the length of the night. 

The elevation of the pole continuing the fame, 
obferve the two degrees of the ecliptic that come 
under the north mark, and find them on the wood- 
en horizon, and you will have the days that the fun 
is in thefc points, which da^s are thofe of the firft 
and laft appearance of the fun. And if the points 
of the ecliptic, that come under the fouth mark, 
be obfervcd, you will find on the wooden horizon 
the corrcfpondcnt days when the long nights be- 
gins and ends in that places 
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S E C T. III. 

7he Theory of Navigation^ Spherical^ 
and Spheroidical. With the Solution 
of fome uncommon Cafes. The ac^ 
tual Solution in 'Numbers^ of the 
common Cafes of Sailings by the Sphe^ ^ 
roid ; and likewife of thefe in parallel 
Sailing. Rules for correEiing a 
Reckoning. Of taking Altitudes. ^ 

f 

HAVING formerly writ a praftical book of 
Navigation^ calculated entirely for the ufe 
ot fuch as frequent the fea, Lfhall here only ex- 
tradl from it, fo much of the theory as is proper 
for a courfe of mathematics. To which J fliall 
add fome things that were omitted there, or but 
(lightly touched, as being lefs neceffary for failors ; 
but ferve for compleating the theory. But as to 
the praftical part, which is the moll neceffary 
thing for feamcn, I fhall meddle very little with 
it here. Yet if any perfon wants farther fatisfac- 
tion in that point, he may confult the other book 
at his leifure. 

DEFINITIONS. 

D E R I. 

Navigation is the art of computing a fhip*s way, 
and guiding her thro* the fea, in failing from one * 
place to another. 

DE.R 
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Fig. 
D E F. II. 

Difference of latitude of two places, is an arch 
of -the meridian contained between two parallbls 
paffing thro* thefe places. . . . 

D E f/ III. 

Difference of longitude, is an arch of the equa- 
tor contained between the meridians of any two 
places. 

D E F. IV, 

Meridional diftance, is the diftance in the parallel 
of the place you are in, from the meridian of the 
place you came from. 

D E F. V. 

Rumby is the line or way a (hip defcribes while 
flie fails upon any one point of tht compafs, and 
cuts all the meridians at the fame angle. 

D E R VI. 

Courfcy is the angle which the rOmb or (hip's way 
makes with the meridian. 

D E F. vn. ' 

Departure, is the whole eafting or welling a fhip 
continually makes, in any fingle courfe. 

D E F. VIII. 

Plain failing, is the art of computing a ftiip's 
way by plain trigonometry, in regard to her dif- 
ference pf latitude and departure. 

D E F. IX. 

AGddle latitude failing, is a method of compu- . 
ting the place of a fhip as to longitude, by help of 
the middle latitude, which is the latitude lying in 

the 
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Fig; the middle way between the two places of the 
fliip. 

D E F. X 

Mer^Atof^s or Wrigbfs fmling^ is the method of 
computing a fhip*s place ts to longitude, by help 
of a table of meridional paxts« 

Inftfuments ufed in Navigation. 

1. Charts. * Thefc arc maps of the fea and fea 
coafts, and are generally conftrufted by Mercator's 
projeftion, where the meridians are all parallel, 
and the degrees of longitude 6quai in all latkiidcs^ 
and the d(^ees^Qi( the mjeridian %ncxp9.k towards 
the poles, in the ratio of the cof. latitude to the 
radius. Thefe forts of charts are fitted for the 
failors ufc. 

2. ^he Campafs. This is divided into gz points 
or rumbs -, by this the (bip k fteered, upon any 
courfe. For the needle always points to the 
north, except fo far as it deviates by the variation^ 
which is the difference between the true and the 
magnetical meridian, eaft or weft. An ^muth 
ccmpafs has befides, an i^ex with a thread and 
two fights, and is moveable about the center. Its 
ufe is, to take the azimuth of the fun or a ftar. 

3. The Log line •, which is a cprd tiivided into 
feveral parts called knots, ^vA the end is fattened 
to the log. Its ufc is to meafure the fhip*s mo* 
tion, and is heaved into the fea every two hours; 
^nd the length run pff, is known by a hajf mimitc 
glafs. For io many knots as are run off, fo many 
miles the Ihip fails an hour. 

4. The Sea quadrant ^ commonly called Davis* s 
quadrant.' This i$ an inftrument to take the fun's 
altitude^ 

5i Uadkfs luadrant^ another inftruoiipfit for ta- 
king 
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king the altitude cf the fun or a flar ; Had » thetnsft Fig^ 
iftftrument for tliat purpofe. 

6. The Crcfs ft Af or fort ftaff, this is aJdo ufed 
for taking altitudes. 

7. The Lead, this is fattened to a line divided hito 
fathoms, and is ufed for founding the depth ef . 
thefea. 

P R O P, I. 

hi f lain failings that is, 'Where n$ longitude is jc^ih- . 
^€erned\ as radius : to the difiance run : \ jo the fine 
af the 90urfe : U the departure. 

Let Pbe the pole, HL the equinodtial, A the 13. 
place of a (hip, PAH a meridian pafling thro it, 
ADFQ^he rumb or way of the fhip. Divide the 
meridian AP into an infinite number of equal parts, 
at ky y, Xy &c. and thro' thefe points draw the 
jparallels of latitude iB, ^C, xD, &c. to cut the 
rumb in B, C^ D, &c. thro' which points draw 
the meridians PB, PC, PD, &c. cutting the equi- 
no&ial in /, / r, &c. By thefeveral imerfeftions 
«f the parallels and meridians, and the rumb, 
there will be made an infinite number of fmall ek- 
jnentary triangles AB^, BC^, CD^, &c. all equal 
and fimilar. For all the fides Ak, Bf, Cg, &c. 
are equal by conftruftion, for Bp zz ky, and Cg 
= yxy &c. and the aisles kkS, ,pBC, ^D, &c, 
are^qual by Def. V. therefore (Geom. II. 7 J, all 
the parts of the rumb, AB, BC, CD, &c. are 
equal, and alfo the Udes iB, pC, ^D, Sec. Now 
in any one of thefe triangles AB^, it will be, by ., 
plain trigonometry, as rad : f ytABj : AB : ^6 
: : BC : pC : : CD : ^D, &c. and by compofition, 
xad : f. iAB : : AB -H BC + CD, &c. : k& + 
pC 4- ^D, &c. But when the fliip arrives at F» 
AB + BC + CD, &c. =: AF the diftance -run.; 
juid kB + pC + gDy Sec. is the departure by 

Pef. 
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Fig. Def. VU. Therefore it is, rad : f. iAB : : diftancc 
13. run : departure. And alternately rad : diftance 
run : : f. courfe (^AB by Def. VI.) : departure. 

Cor. J . jIs radius : diftance run : : cof. courfe : Mff. 
latitude. 

For rad : f.*BA : : AB : Ait : : EC : B/) : : CD : 
C|-, &c. : : (by compofitibnj AB + BC + CD, &c. 
: A* + Bp + C^, &c. or Ak + ky + yx, &c. 
But when the Ihip comes to F, AB +BC + CD, 
&c. = AF the diftance run, and Ak + ky +yx^ 
&c. =z AR the difference of latitude. Therefore 
rad : f. kBA or cof. courfe : : diftance run AF : dif. 
lat. AR. Or alternately, tad*: diftancc run AF : : 
cof. courfe : dif. lat. At . 

Cor. 2. jis rad : diff. latitude : : tan, courfe : depar- 
ture. 

For by this Prop, rad : diftance : : f. courfe : de- 
parture : : (Cor. i.) cof. courfe : dif. latitude. And 
alternately, dif. latitude : departure : : cof. courfe : 
i. courle : : (trigonometry) rad : tan. courfe. 

Cor. 3. Hence^ if ajhip moves uniformly along its 
rumb line^ it approaches the pole unif^frmly. 

For if all the lines AB, BC, CD, are equal \^ 
then all the lines A^, ky^ yx are equal, and defcri- 
bed in equal times. And hence appears the ab- 
iurdity of what fome people affert, that the rumb 
can never reach the pole. For if this was true, 
then a fhip keeping always in the rumb, could ne- 
ver reach the pole, tho' flic approaches it uniform- 
ly. Wliich is a direft abfurdity. 

Cor. 4. If two Jhips fail from A at once, one along 
the meridian AP, with velocity AK ; the other in the 
rumb AF, with velocity AB ; they will both meet in 
the pole atj)nce. 

It cannot be denied, that the firft fhip will get 

tp 
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to the pole in a finite time, which is eafily deter- Fig. 
mined from the velocity along AP.. And m evjcry 13, 
point o^ time, they will be both in the fame paral- 
lel of latitude. Thus they will be at K and B^ at 
y and C, at x and D, at R and F, at once. And 
therefore when the firft (hip is at P, the fecond 
cannot be fuppofed to be fliort of it. without an ab- 
furdity. And it is the fame thing if you take two 
points inftead of the two (hips. 

Cor. 5. yff cof. ccurfe : radius : : fi kn%tb of ibe 
mridian AP : to ibe whole kf^tb of ibe fpiral AQP. 

Cor. 6. Hence^ the diftance run^ the difference of 
latitude:, and tbe Jeparture being laid out in rigbt 
lines i tbey will form a true rigbt angled plain trian* 

For make RA zz RA (fig. 13.) and angle RAF 14.' 
= RAF. Then fupppfe therumb AF to be unbent, 
or drawn back into a ftraight line, and laid upon 
AF (fig. 14). The points B, C, D, will fall upon B, 
C, D, and the lines *B, pCj ^ D, upon *B, /C, ^D, 
in the two figures ; becaufe die angles at B, C, D, 
being equal \ tbe lines Bkj Cp, Df , are all paral- 
lel to FR. And therefore the perpendicular RF 
being ^ual to all the lines ifcB, />C, ^D, &c. will 
be equal to the departure. And fo thefe three 
lines mskt the right angled triangle ARF. 

Cor. 7. Hence^ tbe fquare of tbe difiance run^ is 
equal to tbefum of tbe fquares of tbe departure and 
difference of latitude. 

Cor. 8. This Prop, and CoroUaries will refoVoe all 
ibe cafes of plane failings being tbofe wbere no longi- 
tude is concerned. 

There are fix cafes of plane failing, and they 
are all folved by working thefe proportions for- 
ward or backward, accordmg to the oif&rent data. 

V K SCH OL. 
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Fig- 

,r Scholium. 

14. 

Having made form remarks, in my book ol 
Navigadon» on the nature of plane iasUng \ I Sa$iL 
heie conlkier it more particularly. And I fay» 
13- I. That meridional diilaiice, departure^ and dif- 
ference of longitude, are all eflentially ^iSefant* 
Lee a fbip fail from A to F ; when Ibe com^s ac 
F, {he will have made the meridjoaal diftance RFf 
and departure /fcB + ^ + gD^ &c. and difference 
of longitude HL. Now the meridional diftaAce 
RF or Rm + mn -^ m^ &c« 16 left than the dep&lv 
ture kF + pC + gD^ &c. and this departure is 
lefs than the longitude HL or H/ -h is + Jr^ tec. 
All this is plain from the convergihg of the meridt^ 
ans towards thepole^ Again, if a fhip faHs from 
F to A -, ihe makes the meridional diilance A^^ 
which is greater than the former R Ji* i and Is like- 
wife greater than the ^parturo kB 4^^C +^£H 
&c. but lefe ftill than the difference of lohgitudJe- 
Here then in the fame courfe back and forward, 
the departure and difference of longitude continue 
the fame, but the meridional diftance is different, 
being kfs towards the pole, and greater, towards 
the equinoftkti. 

1. If a plain chart te co'nftrufted, fo that th^ 
meridians be parallel to one another, and the de»* 
grees of latitude every where equal, and alfo equal 
to the degrees of longitude at the equator ; then if 
the way of a fliip be laid down upon fuch a chart, 
according to the courfe and diftance, the depar- 
ture and difference of latitude will be truly found,* 
as to their magnitude ; but the place of the fliip 
will have a wrong fituation in relpeA of the mc^ 
ridians, by reafon of the parallelifm of the meridi* 
ans, that ought to converge to the pole. And 
hence any traverfe or compound courfe laid down^ 
upon fuch a chart will give all the places of tl^ fk\j^ 
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in a wrdng fituation, in refpedl of the meridians vFi^ 
and confequently in refpeflt to one another, , For 14. 
that rea:ibn the ptan« chart is erroneous, except in 
places n6af the equator, where the meridians arc 
nearly parallel. I et in a fmall compafs, as in a 
day*a run, the error will not be fenfible in any la- 
titude. For in fo fmall a compafs,. the meridian* 
continue parallel as to fenfe ; and therefore a traverfe 
may be w;"6ught exaft enough for the length of 24 
hours, as is the common pradlice. But the error 
of the plane chai^t doe^ not afFeft the prefent pro- 
pdfition, for this will give the departure truly, foe 
any courfe tho' never to long. 

^ Hence it follows, that the triangle ARF in 1 4, 
this chart will be fuch, that if AR be the'true dif- 
ference of latitude, AF will be the true diftancc 
( ADF) upon the globe, RAF the true courfe (iAB,) 
and RF the true departure; and therefore this 
conftruftion is true, and gives us a true way of 
failing. It is no objedion to fay, that it does not 
give the longitude truly, for that is inconfiftent 
with its nature. A man may as well fay that Mer- 
cator's proje(5lion is falfc, bccaufe it does not' give 
the diftance or difference of latitude truly. For 
by its nature and conftruftion.it is only to give the 
longitude truly. In Ihort, both conftruftions are 
true, accopdine to their fcveral natures. Plain fail- 
ing is true fo far as courfe, diftance, difference of 
latitude and departure arc concerned -, and Mer- 
cator^s is true io far as the longitude is concerned ; 
but one of them cannot anfwcr for the other. 

4. What ha^ been faid relates to a fingle courfe 13, 
as ADF, w-hofe angle of the courfe is ^AB. But 
iaftead of failing dircftly from- A to F, if a ftiip 
Ihould fail to R and then to F; the departure a- 
l©ng AR would be nothing ; and along RF, would 
be equal toRF,; for in any parallel the diftance 
^and departure are the fame. And confequently. 

K 2 the 
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Fig. the departure in thcfc two courfcs, is Icfs than in 

13. the fingle courfe AF. Likewife a fliip failing back 
from F to A, will make the fame departure as 
from A to F 5 and from F to R and A, the fame 
as from A to R and F. But if fhe fails from F to 
Zt and then to A, fhe makes no departure along 
Fz I and from z to A, fhe makes the departure 
zA^ which is greater than from F to A. Therefore 
a fhip running upon feveral courfes, makes a Ids 
departure whpn nearer the pole, and a greater 
when nearer the equinodial, than in a direct courfe 
to the fame place. But m fmall diflancesi, as a day^s 
run, the difference will be infcnfible. 

5. Since the departure in the courfe AF, is 
greater than the meridional difbuice RF, and lef^ 
fer than AL ; it will be very near a mean between 
them; and therefore the departure will be very 
near the meridional diftance xw^ lying in the mid- 
dle latitude between A and F. 

6. >The departure in fonie of the cafes, is the 
moft proper and natural medium, for finding the 
longitude. And therefore I cannot but be furpri* 
fed at thofe authors that exclude it from the prac- 
tice of navigation, at the fame time they are for* 
ced to make ufe of it, or what is equivalent to it, 
for the fame purpofe. For inftcad of RF, they 

14. do not fcruple to take the ^aF*— Aft.% as if that 
was not the fame thing •, when it might eafily be 
had by a finiple proportion in this propofition. 
And they are fometimes forced to ufe the enlarged 
diftance upon Mercator's chart ; a line which there 
is no manner of occafion for, but for fuch a fhift ; 
by which means, they give us the moft clumfy fo-, 
lutions imaginable. Such is the unaccountably 
prejudice of fbrhe people. But further, 

jj,^ 7. 1 fay, this Prop, is true, not only in the fphcre, 
but in the fpheroid, or on the lurface of any folid, 
generated by revolving round an axis, and even up- 
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oh a plane or cylindric furface. For lince all theEig. 
angles kABy pBQ ^D, &c. are equal, hy the na- 13* 
cure of the rumb ^ the elementary triangles are all 
fimilar and equal y and therefore the fame conclu- 
fions will follow as before, viz. that rad : diftance run 
: : f. courfe : departure : : cof. courfe : di£' latitude. 
And rad : diff. latitude : : tan. courfe : departure^ 
whatever fort of a folid it is. And the difl^ce^ 
diE latitude, and departure will make a right an- 
gled triangle as before. So far is this Prop, from 
being falte, that it is univerlally true, whatever 
fort of a line die meridian is ; and therefore it can 
never lead into any error, ifiiall only add, that 
in a fingle day's run, where the latitude is litde va* 
ried, tthe (fum or difierence) of all the depar« 
tures made by different courfes, in that time, will 
be the fame as the fingle departure, made between 
the firft and laft place of the (hip *, which will 
come to the fame as the meridional diftance, for 
that latitude. And this is the very pradice of aUh 
feamen ; to find the eaftings and wettings for every 
ieparate courfe, and then take the total amount 
(that is the fum or difierence) for the departure. 
A method fb eafy, , natural, and expeditious, that 
it is impoflible to invent any thing that can in this 
refped exceed it ; and therefore the Navigator need 
make no fcruple of continuing his pradice. Aad 
fo much for plane falling. 

* 

P R O p. II. 

In parallel or eqft and wtfi failing ; eaf. latitude t 
radius : ; diftance of two places in any parallel : dif^ 
ference of longitude. 

Let RF be the diftance in that parallel, then j ^ ^ 
HL will be the difference of longitude. The co- * 
fine of latitude is the radius of the parallel, and 

K i the 
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Fig. the radius of the cquinoftial is the radius of the 
13. fphcrc ; and the radii of all circles are as any fi- 
milar parts of the circumferences, ai a degree, &€. 
Therefore cc/. latitude at K \ radium : : difiana 
RF : difiance HL on the equinoctial^ which is the * 
difference of longitude. This has likewife been 
demonftrated in Prop. 15, St6^. L . 

Cor. I . Tbs length of a degree in any faraUel^ is 
£S the cojine of latitude^ 

Cor. 2. ^bis Prop, willfolve all tbe cafes of pa- 
rallel failings which are gi by working tbe proportion 
backwards or forwards j as occ^Jion requires. 

PROP, III. 

By middle latitude failings as cof nUjddle latitude : 
radius : : departure :, di^ereuce of kngittud^. 

Suppofc a ihip fails from A to F,. making thp 
difference of longitude HL. Thcp fiace . tfee de- 
parture iB + />C + gjiy &c. is greater than the 
'meridional diftance RF, and lefs than the pieridion- 
al diftance Az \ and if x be taken in tjie nfnddle 
between A and R, then xwy which is ^ Hiean be- 
tween RF and Az, is nearly equal to the departure, 
or the fum of the lines iJB + />C + gD^ &c. there- 
fore \i xw be taken for the departure j tbe^ by the 
- laft Prop it is, as cof. of the lat. of x : radius : : 
fo is xw : HL. That is, as cof. middle latitude : 
radius : : departure : difference of longitude. 

Cor. I . j4s cof middle latitude : f courfe : : dif-- 
t4nce run : difference of longitude. 

For cof. middle lat. : rad : : departure : dif. long, 
and (Pr. I.), radi dift. : : f. courfe: departure. 
Therefore cot mid. lat. : dift. : : £ courfe : dif. long. 

Cor. 



» « 
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' Fig 

Cor. 2. Cqfine ef miaHe latitude : tan. courfe : : |^; 

iiffer^ce of htitudi : iiffnmct.of longitude. 

Fpr cof. mid. lat, : rad : ; departure : ^\i, longii- 
tude, and (Cor. 2, I.) rad : aif. latitude : : t^n. 
courfe : departure. 

Therefore, 
Cpf. mid. lat. : dif. lat. : : tan. courfe : dif. long. 

Cer. 3. ^his Prof, and Corollaries willrefolve ajf 
tie eafes of friling^ where the longitude is conterned^ 
Mi very near the truths if the courfe he not too ht^. 

Scholium. 

This method of failing is very fhort and eafy, 
and a^ very cjcaft in Ihort courfes ; and does nof 
differ much in long courfes^ and therefore is a ve- 
ry ufeftrl approximation. And I believe I fli^ll ne^ 
ver live to lee a {hip fail to that exaftnefs, and this 
Prop# can (letermine it. An(i as thU me]:hod is fo 
e*fy« 9o4 performed wi^bput ^ny oth^er tables than 
the commop one^ ; it is ftrange that any perfon 
fli«ul4 ^pndemn or depre(:iate it. Nothing will go 
down with fyqh people, |)ut rules formed to the 
utmo(l accur^cy^ as if s^ny flup could f^il by fuch 
rules. Sailing or guiding a Ihip at fea, is but ^ 
nEiechanical ?rt^ and canaot be execute^ to any 
gricat (Jcgrce of exaftnefs. And therefore it h 
no^lcfs to iffuft upon rules mad? to the utmoft 
geometrical rigour •, and the difficulty that attends 
the eomputaticm of a&ip's way by fuch rules, i^^ 
fufficient to caufe them to be l^id alide^ iii^hen eafier 
will do as velL But when navigation is fo far imX 
proved, as that a fliip can fail to any degree of ex- 
aftsf fs, it yrill be time thep to feck out fuch ruleii 
as are perfeft and accurate, and adequate to that 
end. - '^' '' ' ■ '• 

K 4 PROP. 



ij6 NAVIGATION. 

Fig. 

P R O P. IV. 

The length of a tiAnuU on th» fpbere : is to the 
length ofaminute on the meridian of Mercator's charts 
far ttttj latitude : : as the cof. of latitude : to radius. 

15* For (ince the rumb cuts all the meridiaw at the 
fame angle, in order to have the rumb a right lino, 
all the meridians muft be parallel ; whence every 
cofme will become equal to the radius. Therefore 
every particle on the Iphere, muft be increafed pro-, 
portionally, that is, as the cofine of the latitude of 
that point, is to the radius. Therefore fince the 
radius of the parallel is made equal to the radius 
of the fphere, a minute on the globe muft alio 
be increafed in- that proportion. And therefore as 
cof. lat : rad :^: fo a minute on the globe, to a minute 
in the meridian line. 

Con I. From hence^ hy the method of JluxionSy 
m^ be calculated the length of the meridian line in the 
charts or the meridional parts for any latitude. • 

Let AC be the radius of the equinodial, AB 
the latitude, draw BD, CG perp. to AC, and BE 
parallel to it, and let B^ be a minute ^ draw hn paral*^ 
!el to BD. And put CA rr r, arch AB = v, 
PB = ;p, BE n ^, and z = length of the meri- 
- dian line for the lat. AB. The triangles BDC and 
Bnh are fimilar 5 whence CD (x) : CB (r) t : in : 

^ zz ~Xbn. And by this Prop. BE (x) : AC 

X 

fr) : : B^ (— y^lnj : a minute of the meridian 

line in the chart zr — y^hn. Now, if for thefc 

*^ 
finall lines we put the fluxions, we ihall have 
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«== — * = -12 — ., and the fluent is 2 =^^* 
x* rr ^' yy >5« 

Cor. 2. 7*i&^^/»rtf « = 2;302585r Xi»/« /^jf. : co^ 
tangent of half tbc eompkmnt of the latitude «— 
log. \ radius {10). 

For2=:ii2!rxlog.:Li? = 2.302r X 

2 f — J 

log. : VL±2: But (by Schol. Prop. IL Trigon.) 

r /LiJf = cot. iarch, that jf b the cofine of 

= cot. ^BG = cotang. half the complement of the 

latitude. Whence % = 2.302rxlog.i2E^li2f22il-^ 

r . 

Cor. 3. &Wtf /i&^ meridional parts are e9Cpre£ed in^ 

minutes^ we /ball have z:=z yg 1 5.7 x %• • — ^^ * ■ 

/a». -^co. lat. 

Fdr ^-30=^58 X 180 X 60 ^y ^d 

3-H»59 

cot. -^ comp. lat. r , by trigono- 

r tan. t com. lat. 

mctry. 

P R O P. V. 

In Mercatof^s faitinfj as proper difference of lati- 
tude : to meridional difference of latitude i :fo the ds- 
parture : to the difference of longitude. 

Let A, F be two places on the globe, ADF the 13. 
rumb leading from one to the other. And if the 
difierenpe of latitude AR be divided into an infi- 
nite number of equal parts,, and the parallels of 
latitude drawn thro* the points- of diyifion ; there 

wUl 
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Fig« will be formed an ipfinitp outhbcr of mapglds iAB# 
i3f pBC, ^D, &c. which havebee» proved (Flop. I.) 
to be fimilar and equiil. And ppop Mercatoi's 
chart, thefe triangles will be pK)je6ted into f)thers 
fimilar to them. For by the laft Prop. A* will be* 
t^ its IfQgch pn the chart, as coT. HA to radius. 
And Anc^ thcra^Hus of cbeparaUel at A, is in* 
creafed to the radius of the fphere ; any part of 
the circumference ¥nil Ue increaftd in the iignc 
proportion ; therefore *B, will be to its length on 
the chart, as cof. JHA or Hk to radius. An4 
thepeforc the triangle ^AB will be fimilar to its pro- 
jection on the chart ^ and all the trian^lefi 6(i| the 
globe will be fimilar to thok on the chart. And 
theriffore it will be as Ak, to iB* fp the fern of all 
the fides Ak, B/>, C^, &:c. to the fum of all the 
fides kB^ pCj gt>j &:c upon the globe ; and fo 
. is the fiam of all the fides A^, B^, Cf , &c. to the 
fum of g.11 the fides *B, ^C^ ^P, &(:. on t^e fchjrt. 
feut the fum of A/t, B/>, Q-, &c. pji jhe globe is 
tlie proper diflference of latittide. And the fum of 
i&B, /C> gUj &c. is the ^pparture. Alio the fum 
q£ Aky B^, Of, &c. on the chart, is the flneridien- 
al difference of latitude ; laftly^ tfje fum pf ^5^ 
pCi rl?| &c. on the chart is. the difierence ojf lon- 
gitude, fince any one iB i« ^rojefted into its dif. 
longitude. Whence tfiis proportion follows, asi 
proper difference of lafitudie : departure : : fo me- 
ridional difference of latitude : to difference of Ipn- 
gitude, of the places A and F. 

Cor. I. Js radius : (q tangent oftbi eouffei i Jb. 
meridional difference of latitude : to difference of loH^ 
gittfde^ 

For (Cor. 2. prop. I.) rad : tan. courft : I'ditt. 
latitude : : fpthe departure.: : (by this) ineridiond' 
di^. latitude : 4i$> lpi)gitu(^e. 

-•••'■ 

Cor. 
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Cor. 2. As the number OQOi^tSjj.: tut th ian-Vig. 
gent of the courfe \ :fo tie Sff. ^% : twgm$s pfi3* 
half the complements of the latitudes : to the difference 
of longitude. 

For (Prop. IV. Cor. 3.) the mer. paft3 for oije 

lat. L is 7915 Y. l9g ? J ' ■■ ! fj . 'l. . i.j ; pnd the 
/ '^ tan. t CO. JaL L 

mer. parts for fhe .other l»t, /is 7915 X log. ; ' 

..^..^ \, I Therefore the meridional dif. 

^, ^ CO. w. / 

J^^i^le ':;^y9t6 X diff- log. ta^gpn^ <rf,h?lf the 

£X>inpJk:ip^nts of the latitiides L and i; put this zs; 

79J5XD. Then we have (by Cop. i.) rad : tan. 

iC^urfe : i 79 * 5 P - diff. longitude. And dividing 

jby 7915, . : tan. courfe : : D ; diff. longitude, 

but ^^' ^M =: .Qoonggj. 
7915.7 

Cori 3. ^ i# flainfi^Ungy the rmh the differ 17. 
f ^9^^ cf latitude J a$f4 departnre make a right imglei 
trian^^e ; fo in the charts the rumh the meridional 
difference of latitudity and difference of kngitude^ alfo 
make a right at^led tri^kj fimilar t6 tie fornnr. 
Ibusy in the triangle ADE, if AB is the diff. lat. 
BC the departure^ AC tt^e d{0^fe. Then AD is the 
mer. dif lat. DE the diff. longitude. 

Cor. 4. *This Prop, and Cor. 1. will r^/ilxfe all the 
cafes of Mercator^ s failings or where the longitude is 
concerned^ with the help of a table of meridional parts. 

For by the table of meridional p^rts, the me- 
ridional difference of latitude is had, whkh is only 
the difference of the meridional part? bielonging 
to the two latitudes. And that t^e i$ .conftruc- 
tcd by Cor, 3. Prop. IV. 

Cor. 
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Fig. Cor. 5. By Cor. 3. and Prep. 1. all ibe cafes of 
fatUf^ may alfo be refolved. 

Scholium. 

13. Altho' aU the cafes of failing may be folved b/ 
help of Mercator's chart, yet thb chart is not a 
true reprcfentation of the earth. For though eve- 
ry (ingle particle, or elementary triangle on the 
-chart is . fimilar to its correfpondent part on the 
fphere, yet the whole is not fimilar to the whole; 
for the parts of the chart being bigger than thofe 
in the fphere, yet they do not increafe in the fame 
proportion ; being nearly equal at the equator, and 
infinitely greater at the poles ; and at the interme- 
diate places, in all imaginable proportions. So 
that the whole cannot be fimilar to the whole, bqt 
very much diftorted. Nor is it polfible that any 
progedion upon a plain can be fimilar to a curve 
ibrface, fuch as a fphere or a ijpheroid. 

The aftual folution of the feveral cafes of fail- 
ing are eafily drawn from the foregoing propofi- 
tionsy and I fliall not trouble the reader with them 
here, but refer him to the book of Navigation. 
But the three following problems, not being com- 
mon, I ihall here give their folutions. 

P R O P. VI. Prob. 

One latitude^ departure^ and difference of longitude 
being given *9 to find the other latitude. 

By Prop. III. fay, 
jIs diff. longitude : 
to departure : : 
So radius 

to cofine of middle latitude. 
The difference between the middle latitude am) 
the given latitude, added ^ to, or fubtrafted from» 

the 






I 
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the middle latitude, as the cafe requires, gives theFig. 
other latitude. 13. 

If this latitude found, be not thought exa£t 
enough, it may be corrcfted by Mercator. For 
the latitude found muftbefugh, that the proper 
diE latitude, may be to the meridional diffl lati- 
tude ; in the given ratio of the departure to the 
difference of longitude ; and is eafily found in a 
few trials. Or it may be found after two trials by 
the rule of falie. 

PROP. VII. Prok . 

One latitude^ difianccj and difference of longitude 
being given i . to find the other latitude. 

1. AiTume any angl^for the coiirfe, as near as 
you can guels, by the circumftances of the quef^ 
tion. From this, find the difference of latitude, 
by Cor. i. Prop. I. making. 

As radius : 

to the dijtance : : 

So the cofine of the courfe : 

to the diff. latitude. 

2. Both latitudes being had, ^nd the longitude 
by Cor. i. Pjop. V. thus. 

As radius : 

to the tangent of the courfe : : 
So the mer. diff. latitude : 
' to difference of longitude. 

3. If the longitude found, differs from the lon- 
gitude given, as it generally will ; corre^ the 
courfe, by making it greater or lefs as there is 
occafion ; then find the latitude, and then the Ion- 
gitude again. Repeat the operation till the lon- 
gitude agrees with that given. But when you 
CQme near the matter, you may find the courfe 
truly from, two trials, by the rule of falfe. 

Or 
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Fig* 
iq^ Or tbus^ 

!• Sfty as rad : cof. given latidai^ : : d^. longi- 
tude t to the departure. 

1. Find the fUoi and dififeii^nte of the departi^re 
and diftance ; take the Ibgari^ms ef the ftmt 
and difference, and add them together ; half 
the fum of thefe logarithms^ ^ tke log : of the 
diflF. of latitude* Then find the^ other latitude. 
Again (by Prop. V.) 

3. Say, as n^eridional diff. latitude : proper diff. 
latitude : : (Jiff, longitude : departure, more ex- 
aft. . , ! 

Repeat the id and 3d articles over and over, aU 

ways with the kft departure ^nd diff. latitude; 

till at laft you get the fame diff. latitude twice ; 

and this k the true diff. of latitude, whence you 

yi'iW get the other latitude exaft. 

PROP. Vni. Prob. 

The courfcj departure^ and diff^fMU 0f Ungitude^ 
being given 5 to find both latitudes. 

Find the diff latitude by Cor. s. Prop. I. and, 
the meridional diff. latitude by Cot. i. Frop. V. 
thus, 

As tan. courfe : 
to radius : : 
So the departure : 
• to* thc^ difference off latitude. 
And fo the diff. longitude : 
to tlike meridional diff. latitude. . 

The difference of latitude being had in degrees 
and minutes, ^k in the table of meridional part^, 
for two latitudes, fuch as may exceed one another by 
that difference •, and that fubtradiing the meridic»%al 
parts of one from the other, the remainder may be 

equal 
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equal to the meridional^difF. latitude before found :Pig4 
tfeh fe cafiljr done in a few trials. And thcfe ztt 
|he two kutudes. 

If Inilead of the departure, the diftance or ditfl 
latkudef be given; ihe i^lutton is the &me> after 
the difi. latitude is knOwn. 

PROP. IX. 

Let ABP be a quadrant of the Iphere, AHF a. 16. 
quadrant of ati ellipfis reprcfenting the ipheroi- 
dical figure of the earth, AC the equinodiai ; P, 
F^ the poles ; BE, HI> parallels of latitude of die 
places B, tl; BD, HL perpendiculars upon 
AC. And put AC = r, fC = a, AH^zz tr, LH 
zzyj CL or HI = x, rr^^aazz. dd, j, r, /, fzt 
fine, cofine, tangent, fecant of the latitude of any 
place B or H, radius = i. Then, 
. TJbe radius of a p^rdlet m the fpbere BE : is to tie 
radius of the parallel^ having the fame latitude j in the 

ffberoidy HI : : ^ ^i — .^ ss ; to i. 

^ rf 

If two places upon the fphere and fpheroid B and 
H, have the fame latitude -, then the tangents at B 
and H will be parallel ; for they muft point to the 
fame ftar. And the ordinate LH in the fpheroid, 
will be nearer the equinodial A, than- the ordinate 
BD in the, fphere. For by, the conic feftidns, if 
bdth tangents be dra:wn from points in the fame 
line BD or LH, they will mett in iomc point of 
the axis CA. And tonfeqiiently, thaft they may 
be p^allel, ;tbe pfoint H muft be nearer A. ^ 

Suppofe the tangents from H and B to meet the 
axis C A, in ^T and Sj then the triangles CBD, 
DBS,. LHT win be fimilar. And by nature of 

the ellipfis LH or j = l.y^~r^ and DB zz sr, 

r 

* ' BE 
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^*f • BE = er, Alfo CT =z ~, and LT = ^—^ 

Whence bj fimilar triangles, BE or CD (er) : DB 
(jr)::DB:DS::LH f^y/rr^xii) : LT 

(rr — xx\ . I — 

—^ — ) t:ax'. ry/rr—xx. Whence sm SLcr 

Vrr — xxy and ssaaxx = ecr* '-^ cerrxx. There- 
fore X = = = HI. Therefore BE i 
vccrr + aass 

err .—.»«.»«_ 

HI : '.cr: ■ =- : : y/ecrr + ^^ ; r : : 



y/ccrr + AUf 






y. 



xr: I. 
rr 



Cor. I. i&irr^ HI = BE + f + ^is.futting = 
J = £ . ^»i /3^C/J^^ /^tf raitt of tbeparalkUfor 

tbefpberoid are eqfily calculated. 
ForHI = -?^_- BE . . 



nearly. 

Cor. 2. HI or * = ^ -- rr 

>/aa~^ ddcc Vrr+aatt 

For X = . ^^ . - <>y 

V^fW-h tfAtf Vfm- + aa <jaff 

tccaufe jj = I — ^f. Alfo / r: ±, whence x - 
^^ccrr + aass '*'+ — V^rr + 



_ rr 

aatt 



Coe, 
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Car.3.LHor^ = _^L_. Fi?. 

\/7F+aan *^' 

Foryy = 4W— — X^Jf = 4tf — — X — Z 

' aarr _ a^tt 

^ dn ■— ' ■ » ■ ■ — ■ ♦ 

rr + aait ft + J4//t , 

Cor. 4. HI ir ;f zz 7331— = rr x i + t jix, 
pearly. JVbere qzz. •- 



Forx = - 



rr rr 

rrc . _ f^c 



V'7m + 4WW V n^ — rrss + aass 



re . re — TT"— 1 • 

= . =- ^--r = ff XI +t2^J, taking 

the two firft terms of the fcrics. 

« 

Cor. 5. In the fame la titude B and H, DB : i/ /^ 
LH : : ^i r v/rr — W^/jj : to aa. 

For DB = fif, and LH = ~ ^JfZT^^ where 

^x m — — — • 
arr + aass 

P R O P. X, 

^befame things fuppofed as in the Utft Prop. The 
length cf a minute on tbefpheroid at H: is (0 the 
length of a minute on the chart for thai latitude : : 
as the radius of the parallel HI : to the radius of the 
equino£fial AC. 

For fince the meridians in the chart, are all pa- 
rallel, the radii of all the parallels become equal to 
the radius of the equator -, and every particle on 
jhe fphere being projefted into a fimilar figure in 
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Fig. the chart, it is increafcd every way in that proyor- 
i6. tion. Therefore HI :'AC ; : as a minute at H : 
to a minute qa the chart. 

Cor. r . Hince a minute on t he fpberoid : is to its 
proje£lion on the chart J s i : / j .^ ff ^. 



rr 
rr 



For it will be »s at op ,,, , „ .,1 to r, that is, 

vrr + a att 

as r to \/rr + aatt; or as i to s/ * + "^^^ 

Cor. 2. A minute en tie Jj^ttmi : is to a minute 

y^ Id 
I + _ cc. 

For it is as ;f to r, or as , ^^, , -.^ to r» that 
\raa + aifcr 

is, as cr to v^/za + ddcc. 

- P R O P- XI. 

The fame things fuppofed as in Prop. IX •, the length 
of a minute on the fphere ; is to. the length of a nyr 



dd 
on the fpheroid at M was rra : to ^ ^ + — yy 

, aa 

Thefe t«ngth$ are as* the radii of curyatore; and 
this radius ia the fphe re iif r^ arni in th^ fpbei oid is 

Fluxions), and putting ^r for tf, and .5^ for b the 



- , rr — ag \^ 

latus reftum, it is reduced to ^^ "^ aa ^ 



ar 

There- 



f 
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Therefore a minute in the circle t a m inute m tkFig. 

"' JJ *l 7j~1 10. 



dd 

, ^ + —yy 



ellipfis: : r : g^l j : : /irr : ^^ + 



^i^ 



^tf 



^3^ 



ar 



Cor. I. ^ «w>w/f an thejhbife : « /^ a minute m 

di ^Ir 

thefpberoid atH : : as tf x 1 + - — ccyilo r. 

aa 

For yy =: <?4 •— ^xx 2zaa — _ X T-^rr 

•^^ rr * rr aa + ddcc 

— m^ ^''^f£L_ *- ^* + aaddcc -* rrtf/?f f _, 
"" «/j 4- i/rfff aa + ddcc 



— . And 



. ••_> III* ■ ••• I 

Ji ^Wj^ , - dd 

— 'Sy — TT . Alfo aa -^""-^ yy ;3: aa + 

aa 

ddss* aa 4- dice + ^fi/i ,, ;. . . ; 

— j— •= ^ . ^(becauferf+wr:!) 

1 + ffL ^c 1 + _ f ^ 



aa + dd rr - , . ^^« 1^ 

-. And arr : aa + — n\ 



■ dd -" . j.^^. * ^^' 

1 + — rr I 4- — i.- re 

aa aa 




. Cor. 2. ^ K = v/ij, /*^» ^ = ^5><^-'' 

fk <•<?>?« (?/ <-&* ij///«^«f, vihere a minute of the meridiiit 
of tbefpberoid, is equal to a minute o f the egutnott tal. 

For then T+"?7^^ =^ , and i + ^.. = 

aa ■ aa aa aa 

L 2 K— 
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^^|- K — I, whence '^ = ^ X iT^TT. 

Cor. 3. If 'U and V be the length of the meridian 
cf tbefphere andfpberoid^ at the fame latitude^ q 1= 

^£. ri^» V = llliS V —t!2?5 where S ;V the 
aa a a 

fine of twice the latitude. 

For let/ =: — ^ then a X i + />r^ : r : : v : V 



• 



^ X r+ fc^^ « X I + l/rr ^ 

I — * l/rc + &c. = (becaufc j is fomcthing Icfs 

than /) 4 -^ ^. Whence V = ^ - i^? 

X fluent of ccvy or fum of all the cc in the arch. 
But fuppofing the radius =: 1 (fig, 15) by fimi- 

lar triangles, v (B^) : s {nV) : : CB : BE : : j : r, and 

cv zz J, and ccv zz cs. And the Flu : cs (or the 
fum of all the BE X nb) is = area ABEC r: Fl : 

ccxK and the area ABEC = -^ + T* Therefore 

V = !!-. J!2 X — + fi=:1IZ^v-' yics 

a 2a 2 2 a 4* 

= '•-"^^^ V — iliS ; bccaufe « = 4-8. 
a a 

Cor. Af. If V and V ^^ the meridians for. the fame 
latitude^ in thefpbere andfpheroid^ in minutes of the 

equator ; then V =: LHJH v — il-2!IS. 

For if the lengths V and v be reduced to mi- 
nutes, they muft be multiplied by 1-^ ^ or 

3.1+16 

343 ?f which is the minutes in the radius. But V 

and 
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and V, now denoting minuteSj are already reduced ; Fig. 

and reducing ^ S, we Oiall have V = IHl!! v — ' ^• 

8« . a . 

i!22l3138s=::Z:±It,~1xi289tS. ' 
a a a 

And hence it will be eafy to make a table of the 

arches of the fpheroid in minutes, exaft enough 

for the earth. For if the fpecies of the earth's fphe* 

roid be known, q is known ; and then — Ul and 

a 

■ ^ ^ will be given quantities ; whofe logarithms, 
a 

added to the logarithms of v and S, will give two 

numbers, whofe difference is the fpheroidal meri* 

dian. Thus if qzz.oiz according to Maupertuis^ 

then V = .9945V *— 28.7 S ; or V = v — .0055V 

■— 28,7 S, yrhere .0055V + 28.7 S is the reduc- 

tipn, or diminution of the fphcrical arch« 

PROP. XII. 

The fame things icing fuppofedj as in Prop. IX. a , 
nUnutt on the fpbtrical chart : is /« a minute on the 

fpheroidal charts at the fame latitude :: as i-i ^^ 

: to I. 

For by Prop. IV. 

a minute on the> . a minute onV . , ^ 
fphcrical chart J ' the Iphcrc J • • * • ^• 



And by Cor. i. Prop. X L 

a minute on 7 a minute on ) , ii 

the fphcre ) ^ thefpheroidy • • ^^i -r -- 



s 



«. 



r* 



L 3 Alf<i 
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Fig. Alfo by Cor. *. Pi^p. X. 

*°' a minute on i a minytc oq the > /' — jr- 

thefpheroidj ' fpheroidal chart J-^'^-'V i+-« 

Therefore ex equo, 
$ minute on the i . a miout* on the r 
fpheri^al chart J ' fpheroidal chart j ' • ^^^ ^ 



" 'I > » 



■ aa I "^ «^ ...a<^ 

Cor. V. Tf %, and Z ^^ /i&^ /^/arj /i ^/ the mefidians 

on fhs chart ^ for the fpbere and fpheroid^ /> n -^ . 

^hen Z z:: z — qs. 

; For (-Prop, IV.) c t i: r^ : z = ^: And (fig, 

^5 .) by familar triangles^ c : i : : BE : BC ; : »* : 

nl? ~ • • * * • '• 

B^ z: —, or i zz 1- ;* therefore z zz —. But by 

c -^C C€ 

thi§.prop. (putting i> z; ^^ i -^pcc: i : :i: z = 

•— r- = 2? X I — pcc^ &c. =2 — qccz ziz — • 

4 +'poc • ^ 

j^r X -i z: i — j/. Whence Z =: z — ^i. 

ec ^ . 

Cor. 2. If z and Z ^^ /i&^ meridional partJ for the 
fpbere andfpheroid^ at the fame latitude. Then Z ;z;^ 

For to reduce the length z to minutes of the 

equator, it muft be multiplied Ky >8qx6o^ ^^ 

3.1416 
3438.. But Z and Jfe are fuppofed to be already fo 
reduced, and reducing qs^ we "have Z zz 2-— 
3438^?^ ; and therefore it will be extremely eafy to 
mukc a table of meridioijal parts for the fpheroid, 

exaS: 
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cxaft enough for the asilth. For if the fpeties of the Fig* 
fpheroid be once deter^intd, q is knoiMi ^ and *^^ 
343 8 jT will be a given quantity ; to the log; of 
which adding the log. fine of the latiti^dct (^rtrjeft- 
ing radius), and you have the loe. of a bumber, 
which is the redu<f):io% or decreaie of the mo'idi^ 
onal parts of the iphere. Thus if ^ r: .022, accor- 
ding to Maupertuisy then log : 3438^=1.8787286.' 



i . Sch6lium. 

I 



Wheh thtee tables att made for the ffJhei*oid; 
«nd Jot the radii of the parallels, by l^fop. IX. ot 
Cor. I . A table of thfe archeS of the Meridian, by 
Gor. 4. Prop. XI, aiid a table of lifieridional parts, 
by Cor-. 4, Pi^p. XII. ttrcn all the dafes ttf -failing 
may be iolved, with littte inore trouble, by tH4 
famt ruki, afc for 1^ Vphttt ^ that is, by Prbp. IV. 
and V. and their CorroUaries. But for fuch ^i 
have not thefe tables, I fliall lay down the^twp fol- 
lowing propofitions, by which the common cafes 
may be folved by the comifton tables only, if any 
body will be at the pains to work them, as they re^ 
quire fomething more labour. ^ 

Fit o p. xm. \ '. 

. Let "6 == a«f Igtiiude in mmttty S £: n^it, fitit of i^; 
twice this latitude. And fut F = ^~"^r^ ^» G ^ 

iiiO Si ami f an^g. the fame Mm ^^ ^^V- 

tude. 

Alfo let M = meridional parti qf the fphere^ for 
$bat latitude^ and N ±: ^43% x ndt.ftne of the lat. 
and tn and n the fame 'for anj/ $tb$r^kt^\x Jd^Jnr^n;^-!! 

radius ^ the equinoSlial^ a zzi; axiSy and q =t HZj^^ 

rr 

L 4 Then 
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Fig. Then M tbe/fberoidj U w ill he, 

^ 7' As pr^er dif. latit ude^ F — G--/~ f i 

mer. dtff. latitude^ M — ^N — «— » : : 
departure : 
dtff. longitude^ 
M the fam e 'Jide of the equimSi at\ hu t m different 

JidcSy take F — G + /— ^f ^»^ iVi — N + i» — n. 

For (by Prop. X^, Cor. 3:) the proper lat'. on 
the fphcroid are zz F — G, and/— g. And (by 
Cor. 2. Prop. XII.) mer. parts on the fpheroid is 
z — 343 8 jj or M — N. And the dit. of the meri- 
dional parts fo r the t wo latitud es, or mer. dif. la^ 

titude, wUl be M— N — m-r-n.. And on the fphc- 
roid it is, as proper dif. lat : mer. dif. lat : : de- 
parture : dilF. longitude % or as AB : AD : : BC : 
DE. 

Cor. I. Radius : 

tan. courfe : : ** ' 



meridian dif. latitude^ M — N^ — m — »: 
dif longitude. 
For rad : tan. courfe. : : proper dif. latitude : dc- 
parture :': mer. dif. lat : diff. longitude. 

: Cor* 1* The reduSion for the lat. tx is ^^^±- v -r 

58.78. Andjhe reduSionfor the meridional parts of 
Vi will he H. 

^ This fbllows from Cor. 4. Prop. XI. and Cor. 2; 
Prop. XII. 

PROP. XIV. 

7he pmi thills fuppofedy and put jr r: S. latitude^ 
fben^ 

As 
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• -A I + iqss X ccf* latitude : !**§• 

jRadius : : *?• 

diftance in anf parallel on tbejpb^nd : 
diff. longitude. , 

For (Cor. i. Prop. IX.) HI = BE X iT iqss. 
And the degrees in the parallel being inlarged in the 
ratio of HI to AC, when they become equal to 
the degrees erf longitude ; therefore HI : AC : ; 
diftance in the parallel : to the difference of longi* 
tude. 

Cor, ^ be reduttion for the log : cof. latitude is log : 

P R O P. XV. Proh 

^ofolve the common cafes of failings on the fphe* 
roidj by ibe common taiksfor tbeffbere. 

Before- this can be done, the fpecies of the Iphc- 
roid muffc be- determined, and the quantities r, &y f 
will then become known ; by help of thcfe, the 
arches of the fphere, are reduced to thofe of the 
ipheroid and the contrary. Therefore if we fup- 
pofe with MaupertuiSj chat r rz i \ aa = ,978 i 
a = .98894; q zz .022 -, we muil then get, h\ G^ 
/, gy and M, N, m^ n. And then Prop. XIII. and 
Cor. I. will folve all the common cajQbs ; working 
the proportions fo^vard or backward, as ther^ 
is occafion, . And all the cafes of parallel fail- 
ing arc folved in the fame, manner, by Prop. XI V% 
To facilitate the work we fhall have, 

F =: .9945V ; G =: ^8.7 X S. 
/ = .9St45v-, ^ -28.7 X/ 
M = mer. parts of v ; N =: 75.634 x fine of v^ 
m = mer. parts of v j nzz 75.634 x fine of v. 

or 
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Fig. or Log: 9945= — i.9976o5ilog:28.72zi.457882. 
17. Log: 75-634 = 1.878728. 

rcdudion of v :s: m..^,* ■ jq -j- 28.7 S. 

1000 

redudion of M is =: N» 



The latitude and longitude df twd places being gtven^ 
to find the cburfe and diftance. 

■■• . •' • < • ■ ■ 

Example. 

Ajhipfrom A in n. lat. 5% fmls betwem ibencirtb 
and eaft^ into the n. lat, ^i atEi niaking ber dif. of 
longitude DE 43** z= 2580^ Required the courfe am 
diftance, BAG and ACw 

Find the mer, dif. latitude for the fpheroid, thus, 

M. P. 



V = 38 =z 2280 

V z= 5 = 300 



difF. 



1980 



24^8' i:: M 

300 z=r. m 

2i$8 ;:=M-^*^. 



J. t? :t: y6r5 
S. y 1= .087 



M ■* 



dif. it .528 



and 75.63 % 52^1=1^ 

K5Pw— N— » =2128. .Thcn(bjrtor.i.ft.XUU 

■ n i I I I ■ I ; I I ■ rf J ■ ^ 

men d. lati 2128 - ^'' i*2'^797t • • 
d. long» 2580 - -3,411619'. 
Rad. '»— « 19. 

Tan. courfc 50 29 10.0V3648, BAC 

Then find the proper dif. latitude for the fpheroidJ 

•9^45 ~-'-95^76o5 S.21; rr .970 - :* 
198^ 3.296665 S.2vrt.i73 



-r— »■ 



1969 3.294^^0 dif. . .797 

red. — 22.7 t^.7k.79y =: 22,7 
1946^ = b—f—G—g. 



Then 
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Then cof. cowrie 50 29 »«- 9.803664 
d. l«t. 1946.3 ■ " 3.2892x0 

Rad. ■ '■ > • ■ ■'■ 10. 



»55 

Fig. 

«7' 



TM. 3058.7 



3.485546, AC. 



If the departure ha4 b^cn required, it would be 
foun4 by thq proporti<Mi in Prop. XIU. 



Ga/i 2. % 

The latitude of two (biceps 9 and the courfi^ ietng 
^hen-^ to find the dif. longitude^ and diiancf. 



' t 



Afi)if fails from Ktnfoutblai.ic^'^y to n. lat. go* 17. 
ot E; upon a courfe j?^ 43% the dif. longitude and 
iiflance are requiriay . ife and AC • 

M.P. " 

S. kt, 25** =: 15001.1550 = M \s. V == .423 

1888 =.» 



N. lat, 3^ 5=, 1800 



\ '^^w^ 



•iiiipfii 



H^P 



'3.4i« 



•S(?3X75'6r^— ^'^ 



S. V r: .500 



» tf «» 4 1^ • 6 , 



Then, .9945 

3300 

.3282 



^368.2 ="]M-t^ji» 

•^1.997605 j S = ..766. 
3.518514 !/= .865 



N+». 



< » » » 



r I I ** 



3.516119 j fum, r. 63 2 



28*7 1 1.457S82 • 3282 

1.^32 0.212720 — 46.8 

red. 46. 8 1.670602 3235.2 mF+/ — G+^. 

Then (by Cor. j. Prop, XIU,) 

R44. —r— 10. ^ 

Tan. coiiffe 43* 9-969656 

m. d. lat. 3368 3-527372 



4 long. ^141 

F-l ifc 11 ill ■ 



3.497028, DE. 



immmt 



And 
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Fig. And ctkf. 4g 9.864127 

17. d. lat. 3235 - 3.509874 

Rad. 10. 



dift. 44»3 • 3-^45 747* ACi 

Given the latitude of two places and the dijiance i 
Ufind the courfe and diff. longitude. 

Exam. . 

A Jhip fails from A in S. laL I5, io E. in iV. lai* 
30*; a dijlance of 32^5 mitfs\ required the courfe 
and diff. lon^itude^ BAC and D£. 

Find the proper dif. latit* 3235 as in thclaft calc, 

Then Dift. 4423 Z*HS7^1 

Rad, — .10. 

d, lat. 3235' 3-509874 - 

Cof. courfe 43« 9.864157, BAC 



■ »■ i* 1 ' mt r 



Then find thb men dif. latitude 3368 as in the 
laft cafe, and then (by Con j. Prop. XIIL). 
Rad. — •Si—— iQ. 
Tan. dourfe 43 g.g6^6^6 
m. d. lat. -336a 3«527J7^" 



■M 



dif. longitude 3,497028 

. 3 141 tz 52** 2i'=:bE. 

If the departure had been, given, the longitude 
iKOuld be found by Prc^. XIIL 

Cafe 4. 

One latitude^ cowrfe^ and dif. longitude beiffg given i 
to find the other latitude^ andibe dijiance. 

Examp. 

Afhipfails upon a courfe of 37% between thefouth 

and 
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mJ wefty ftem E, lot. 54 n. itU her dif. UngUu/iFig. 
DE was 28"" 2= I68o^ Tofitd tbi Mf. latitude and 17* 
difiance, AB and AC. 

mcrid. parts for 54* = 3864.5 

75-^3 X S.54 (• 8Q9; :;= —61.2 

M — N =: 3803.3 

Then (by Cor. i. Prop. XIII. 

Tan. courfe. 37* 9.8771 14 

Rad. ^^ 10. 

d. long. 1680 3*225309 



tncr. d. lat. 2229 3*3481959 AD. 

Then as 2229 is lefs than 3803, the (hipisftili 
in north latitude. Subcrad the firft from the laft, 
and there remains 

3803.3 
2229. 

the mcr. parts for 2d lat. 1574.3 ; if this belonged 
to the fphere, it would anfwer to 25*^ 22'. But 
the meridian of the fphere being greater than that 
of the fpheroid, it muft be reduced. And the re* 
duftion is n or 75.63 x fine of v. 

Whence — 1574.3 r:»f — » 
75*633 X .428 (S. 25-220 — + 3^-4 = » 

m zz 1606.7 ^ ^^^ 
mer. parts for 25 52. If this had not been exa6t 
enough, you muft have repeated it, with s for 25 52^ 
which would redify it. Then to find the proper 
d. latitude; 54" = 3240'. and 25** 52' =: 1552^ 

And 28.7 xS — /=:28.7X-i66 = 4.76 the reduc. 



v = 3240 .9945 
V =: 1552 1688 

«■— V=J688 1679 



—1.997605 

■■II ' (■ 

3.224977 



1674.3 =± pr. dif. lat. 

Then 
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17. d. l«. 1674 S'i^3755 

Rad. — to. 



■*«iMiM*'i4 



diftancc 4096, j*32i407t C A4K 

Cafe $. 
One latitude^ courfe and Mftanct hehg givtn ; t^ 
find the other ktkude and difference df hngititde. 

Examp. 
Ajhiffails upon a courje of i^^from E. in n. tai. 
45, /^r the difiance 3700 mtles\ to find the lat. come 
to at A 9 and difference of hngitudei^ DE: 



45** rr 2700, then S := i. .9945 

2700 

2685 

and 28.7 X I is the redudlion — 28.7 



> 1. 997605 
3.43 1J64 

3428969 



2656.3 z:F— G, 



•mS. 



Then rad. to* 

Dift. 3700 3.568202 

Cof. courfe 23* 9,964026 



d. lat. 3406 - 3.532228, BA- 

and this being greater than 2656, ftiews^ that the 

ih>p has run into ibuth latitude, 

3406 
2656 



!>■■■« ■ 



750=/—^. 



And 750 wooild be 12 30 on the fphere-, but the 
fpherical arch being greater than the elfiptical, it 

muft be reduced i here S =: .422, and ^-^^ v Hh 

1000 

28.7 X fzz 4.1 + 12.1 = 16.2, 

red. 
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750 

red. + 16.2 



«M»««> 



Lat. 45 — 

12 46 



M.P 

3030 
772 



V =; 766.4 =r la" 46'. 



S. V =i; .707 
S. V c:.22i 



<MMlWBrtH 



1,878728 
1.967548 



3802 

reduc. 70 



.928 

N-f» 70.2 



1.846276 



M— N+«i — ny 3732 

Then Rad. lo. 

Tan. C. 23* 9.627852 

mcr. d. lat 3732, 3.571941 

■ ■ I— ^— — 

dif. long. 1584, 3-199793^ DE 
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Fig- 

»7- 



Thus aH the cafes of Mercator's failing are fol- 
ved, by the common rules, with the additional 
trouble of converting the arches of the fpheroid 
into djofe qf the fphercji and the contrary ; and 
without any tables made on purpofe. And in like 
manner, all the cafes of parallel failirtg are folred, 
by converting the radii of the parallels in the fphe- 
roid into thofe of the fphere, and the contrary, 
and ^ith the fame tables. And all the three cafes 
are folved by Prop. XIV. Where note» that in 
Mauperiuii earth, i-^-^qsszz 1 + -oi iss^ s being 
the nat. fioe of the latitude. 

Parallel Saiiing. 

Cafe X. 

Given fbe laHtudle and difference of longitude of 
t^o placer m (mc parallel ^ to find * heir diftance. 



Example. 



i6o 
Fig, 



NAVIGATION^ 

Eicampk^ 

Suppofe a JUpfaih e^fi in the parallel of 52^ xtf, 
tillber difference of longitude be H57' i tojnd the dif- 
iance failed^ 



,011 
s 
s 



2-041393 
9.897712 
9.897712 



,00687 — 3.836817 



x,oo68 = I + igss^ 



«»«M»«^ 



Rad. 
J[ 1.0068 
icof, lat. 52 12 

d. long. 857 

diftance 528.8 



10 
0.002943 

9787394 
2-932981 



«m 



iv** 



2.723318 



Cafe 2. 

^iven the latitude^ and dijiance of two places in 

one parallel \ to find their difference of lof^itude. 

Examp. , 

Jfifipfails eaji 528.8 miles in the latitude of 52* 
1 2' ; required her dif. longitude. 

Find I + \qss zz 1.0068 as in oale i, then, 



icof. lat. 



Dift. 



1.0068 
52 12 
Rad. 

528.8 



d. long. 



856.9 



0.002943 

9787394 
10. 

2.723291 



9^79^337 
2-932954 



Cafe 
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Cafe 3, 

Having given the dijlance of two places in one p^- 
rallelj and their difference of longitude 5 to find the 
latitude, 

Examp, 

A fhip fails eafi 528.8 miles^ and makes her dif. 
longitude "i^sf ''i required the latitude. 
Dif. long. 857 -r- 2.932981 
Dift. 528.8 -B- 2.72329J 
Rad, — *• IP. 



j6i 

Fig> 



Co£ lat> 



■H-«- 



9.7,90310 



t 

This anfwers to 5 1 54 if it was for the fphere^ 
but ''as the parallel is lefs in the fphere, it riiuft be 
reduced. Therefore find the reduftion, viz. log. : 
I + .oiiSS, putting J =: S. 51® 54'. 



.011 



S. S^ 54 
S. 51 54 

.0068 



•^■■^ 



CoC 51 54 
reduc. 1.0068 

Cof. lat. 52 12 



■— 2.041393 
9895939 

9-^95939 
^3.-83327? 

.002943 

■ . ' ■ 1 1 ■ 

9-7873.67 true. 



PRO P. XVr. Prfl^. 
'ito correSl a Reckoning at Sea. 

« ^ - ■ 

The motion of a fhip is fuBjeft to feveral ine- 
qualities, which muft be correfted before the place 
of the ifeip can be truly known. And therefore 
the true latitude of the fbip muft be got, by ob- 
fcrving the fun's meridian altitude ; by which and 

M " the 
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Fig. the fun's declination being known, the (hip's lati- 
tude becomes known, or inftead of the fun, any 
known ftar may be ufed. Then if the obfcryed 
latitude be the fame as the Computed latitude, there 
is no room for any correftion. Rut when they dif- 
fer, the error will be owing to fome of thefe caufes, 
the variation, the motion of a current, error in the 
courfe, ot in the diftance. And which it is, mufl: 
be determined by judging of the fcvcral circum- 
ftances that attend the reckoning. 

I . If the error lies in the variation \ which will 
be known, when an amplitude is had ; take the dif- 
ference of latitude and departure, all the time you 
have been wrong, and fay. 

As Rad : S. error of variation : : 
So departure : to correSion in latitude : : 
And fo diff. latitude : to correction 'in departure. 
Then if the true courfe is greater, the departure 
muft be increafed, and the dif. lat. dimini(hed, by 
thefe corrcdions. And the contrary when the true 
courfe is lefs. 

For let AC be the fhip's way, AR the fuppofed 
• meridian, Awithe magnetic meridian, AH the true 
meridian, AR and CR the dif. lat. and departure 
as computed. Let fall CS perp. to the true meri- 
dian AH. Then inttead of AR and CR, AS and 
CS will be the dif. lat. and departure. Therefore 
AR muft be diminiftied by the .<juaHtity R» or ^S, 
to get the true dif. lat. AS ; and CR muft be in- 
creafed by R^ or «S, to get the tr.ue .departure CS. 
And in the right angled triangles ASw, CR», the 
angles at R and S are right, and the angles at n are 
equal ; therefore RC» zr SA« the error of variation. 
Therefore in the triangle CR», rad : Cn or CR : : 
S.RC« : R», the correction in latitude. And in the 
triangle ARJ, rad : Ai or AR : : S.KAd t Kd of 
S», the corredion in departure. 

But 
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But if the obferved courfe RAC be diminifliedFie. 
by the error of variation, the j)erp. CS would fall i8. 
on 'the qther fide of CR. then AR fnuft be increafed 
by ^R, and CR decreafed by Rd or nS. For when 
one adds, the other fubtrafts. 

2. ff^ fhe error Jbaj^ens from the motion of a cut- 
rent. If its dire/aion be Knbwn, to find the quan- ^* 
tity of the error ; .fay, as rad : error in latitude : : 
tan. currents courfe : cqrreSion in departure. 

This correftion milft be added to the departure, 
when the true dif. latitude is greater than the ob- 
ferved ; but fubtrafted when lels. 

For if AR is the meridian, AQ^the Ihip's way 
by the current, Qthe (hip's place by the recKoning, 
in the parallel Pt^ ai>d.C her true place by ob- 
fervation, in tlje parallel RC \ then QC is the er- 
ror. Draw QD parallel to AR, then, in the tri- 
angle QpC, rad : DQJPR) : : Tan. DQC (KAC) : 
DC, the correftion in departure; which adds, if 
R is beyond P, ptherwife it fubtradls. 

3. When the error is in the di fiance \ as is very 20,] 
likely when the courfe is near the meridian. To 
find the error, take the diffefeilce of latitude and 
departure from the time of the laft obfcrvation, and 
fay. 

As diff. latitude : departure : : fo the error in lati^ 
tude : to the correction in departure. 

Then the corre6iion is to be added to the depar- 
ture, when the computed dif. latitude is lefs than 
the true, that is, when the (hip is before the reck- 
oning ; otherwife fubtrafted. 

For if the (hip's way be near the meridian, as in 
AB, and if BC be her parallel by the reckoning, 
and DE her parallel by obfervation. From A, the 
place of the laft obferv^rion, defcribe the arch BF 
to cut the. parallel DE in F. Then if the error 
was in the courfe, it will be no lefs than the angle 
BAF, which is improbable ; for fuch a great mif- 

M 2 take' 
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Fig, take can hardly be made, if any care has been ta- 

20. ktn ; therefore, it is more rational, to fuppofe ij: 
in the diftancc, and then it will be the fmall quan- 
tity BD. 

Produce AF to H, and draw HG parallel to the 
meridian AD. Then by fimilar triangles AB 
(dff. lat.) : BH (departure) : : HG : FG. Then 
if BH be her parallel by the reckoning, HG muft 
be taken from BH, But if DE be the parallel by 
the reckoning, or the ftiip foremoft, then FG muft, 
be added to DF to get her true departure. If the 
courfe AH is very near the meridian AB, the cor- 
. reftion of the departure . FG is fo Tmall, that it 
may be omitted. 

4. JFben the error Is in the couffe^ as is very like- 
ly when it lies near the parallel. To 'find the er- 
ror, fay, 

21. As the departure : dif. latitude : : error in latitude : 
corte5lion in departure^ from the time of the laft ob- 
fervation. Then the correftion muft be added to 
the departure, when the reckoning is before the- 
fiiip ; otherwife fubtrafted. But when the fhip's 
way is very near ^aft or weft, this corroftion is To 
fmall that it may be omitted. 

For let AB be the meridian, BC the (hip's pa- 
rallel by the reckqning, DE lier parallel by ob- 
fervation, AF her w^y by the reckoning, produce 
AF to out ?BC in C. Then if the error was in the 
diftance, it would be no lefs than the line FC, 
which ' is quite improbable ; therefore it is rather 
the finall angle HAF in the courfe, which may 
very well happen. Draw HG parallel to the meri- 
dian AB^ and from A defcribe the arch HF. Then 
the angle AHF being right, the- angle HFG =r 
AHG, = HAD, and AHD = FHG, therefore the 
triangles ABH, FGH are fimilar, whence BH 
(departure) : BA (dif. latitude j : : HG : GF, the 
correftion in departure. And as F is her true 

place« 
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place, GF muft be added to DG or BH to have Fig. 
her true departure DF. But if H had been her 2 1 • 
true place it muft have been fubtradled. If the 
courfe was in 6r near the parallel AP, GF would 
be nothing, 

5. If aftnp fails along AH near four points^ and 22. 
you know the error to be in the diftance AH, then 
her true place will be at E, and the error of depar- 
tiire EG muft be computed by Art. 3. But if you 
know the error to be in the courfe, then making 
AF equal to AH, her true place will be at F ;'and 
the error of departure FG muft be computed by 
Art. 4. Therefore if both be wrong,, fhe will be 
in the middle of EF at G ; that is, there will be no 
error in departure.. Hence if it be not known, 
whether the courfe or diftance is wrong, no error 
muft be reckoned in departure, but it muft remain 
as it was, for then BH is equal to DG. 

In general, failing near the meridian, or near a 
pai;allel, or near four points, the departure cannot 
be correfted. . Biit it may be correfted when her 
courfe is within a point or two of the meridian, or 
any parallel. 

5. The error in departure being found, the ^rrot 
in longitude lies the fame way, being only greater 
in quantity ; which is found thus, as error in lati^. 
tude : corre8ion in departure : :fo the meridional diff,, 
lat. (between the computed and obferved laL) : correct 
tion in longitude. 

The correfting a reckoning, depends upon find- 
ing the latitude, and that is had by obferving th^ 
fun's meridian altitude, or zenith diftance. And 
as the bufinefs of finding altitudes is ufeful upoin 
many occafions at fea, I fliall conclude with the 
two following propofitions, for that purpofe. 

M 3 PROP; 
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if. PROF. X VH. Proi. 

The tini^s of tibo equal altiMdes $f the fmi\, taken 
in the forenoon and afternoon of the fame day y beittg 
cbferved by a ivatcb ; tofmd by ibefami wAtcb^ the 
tnhe of bis being in tbe meridian: 

I. 

If thefun*s declination' contmufe^' nearly tkc fame, 
dwing tlie interval of the: two obfcrvations, th^h 
tlie middle titiic between the obfervatiotis, taken by 
the watch, is the tirrie of h'is btijig in thi mcf idiam 
But if he makes a feiiftHb difference of decHnu- 
. tibn in that time, thea tKis meaai time niuff be cor- 
refted a3 follows. 

II 

23. Let^HO be the horizon, Z the' zenith, P the 
pole, GDC a parallel of altitude, I AC a parallel of 
aeclihatioh ; and let C, H be the two places of the 
fun, fupppfed on different fides of. the meridian 
PZH. Then AD will be the differerice of decli- 
nation, between the times of obfervation. Then 
in the triangle ZPC there arc given ZP the com- 
plement of the latitude; ZC the co- altitude, and 
angle ZPC anfwering the time, both by obfervation ; 
therefore. S.ZC : S.ZPC : : S.ZP : S.ZCP. Then 
having the angle G, let AD (the dif. declination) 
betaken in minutes of a degree. Then iay, as 
cof. fun's declihatiori : cotaji. ZCP : : to aAD : to 
fhe correftion m fcconds of time. 

Then the corre6lion rhuft be added to the mean 
time, to find the true titae of his fouthing, when 
the fun is going from the erevated pole ; but fub- 
trafted, when coming towards it; 

For, produce the meridians PAD, and PC to 
<:ut the equinodlial in B afid E. Then the angles 
f*CA and ZCD being right, by fubtrafting the 

common 
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cdmmon angle ZCA from both, DCA will beFigt 
equal to ZCP. And in the fmall redilincal tri- 25. 
angle ACD right ingled at' A, rad : AD :^: qotan. 
DCA or ZCP : AG = ADxcotan. ZCP ^ ^^^ 

rad. 
by the fpherical fcftors PAC and PBE, S.PC : rad 

.^ /ADxcot. ZCPx jix? I ATi/^ 

: : AC f -—T ) • ^E ^ ^^gl^ APC = 

AD X cot. ZCP g^^ 3£ ^j^j ^p jj^^ reckoned 

S.PC ^^ 

in nainuies, and i minute of a degree being equal 
to 4 feconds of time, therefore BE reduced to 

fcconds wiH be == 1 ^^' , and half the 

S.PC 

• T>i7 2ADX cot. ZCP. A.,^ :^ -.k^r 
time m BE =: — — And if the fun 

be going from A to D (from the pcdc), the morn- 
ing obfervation will be at C, and <Z CPZ being 

greater than ^the half fum) JL— ^ , by half 

z 

of CPD ; that half muftbe added to the half fum, 

to fitid CPZ, or the true time of noon. And the 

contrary, when the fun comes towards the pole \ 

for then D would be the morning obfervation. 

III. 

The foregoing correftion is but fmall, and in 
many cafes may be omitted, efpecially at fea. But 
there is another correftion more material, owing 
to the change of latitude. For if this prob. h 
performed on fbip board, and the (hip is under fail ^ 
If flie fails uniformly upon one courfe during the 
interval of the obfervations, and ^alters her latitude 
much, then the following correftion is neceflary. 

Let PZF be the meridian, IDC the fun's pa- 
rallel of declination -, P the pole, D arid C two 

M 4' obferved 
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Fig, ohCtrvtd places of the fun, fuppofed on difFereng 
24. fides of the meridian PZF, Z the zenith of the 
place where D is obferved, Q^ the zenith of the 
place where G is obfervcd, PD and PC two hour 
circles. • Then in the triangle ZPD, there will be 
given ZP^ PD^ and alfo ZD by obfervation, as 
alfo the angle DPZ from the obferved mean time. 

Then fay, as S/ZD : 8.ZPD : : S.PD : S.PZD. 
Therefore having the angle Z, and the arch ZQ^in 
it)inutesj fay, as cof. latitude (ZP) : cotan. PZD : : 
2ZQ : to the corredion in feconds of time^ 

Then this correftion muft be fubtrafted from the 
• mean time, if the (hip goes towards the fun •, but 
added, if going from it ; . and it gives the true time 
of his fouthiiig, by the watch* 

Fori produce the meridians PD and PC to cut 
• the equino6lial in B and E, and draw ZD, QC 
the . complements of the equal altitudes. Alfo 
draw Qr, D», perpendicular to ZD, QC ; then 
as ZCX DC are extremely fmall, Dr will be equal 
to Qw, and fince DZ is equal to QC, therefore 
Zr ;= Cn. - But by fimilar fedors, we fhall have, 

rad : S.DP :-: BE (or angle DPC) : DC = 55>^5£. 

rad 

And in the triangle ZDP, S.DP : S.Z : : S.ZP : 
S.PDZ = S-^Px'^Z ^^^ j^ ^j^^ ^^^jj .^ 

S.DP ^ 

Singled plain fri angles QZr and CDn^ we ftiall have, 

fad : ZQ^: : S.ZQr of cof. ZtZrtz ZQ X cof. Z^ 

rad 
And rad : DC : : S.CD» or PJDZ : C», that is, rad : 
BE x^.DP , . S.ZP X S.Z . ^ _ BExS. ZPxS.Z 

rad S.DP rad* 

tJzr or ZQ><:^2LZ, whence BE = ZQxcof.Zx jgd 

rad ' S ZP X S.Z 

= Q 7u " - — ^^^ ^ ^Q ^^ exprefled in 

minutes. 
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minutes, BE will be exprelled in minutes, and as Fig* 
I minute = 4 feconds of time, the time in BE 24. . 

Will be ^^^ ^ ^°^^"- ^ , and half the time in BE 

_ 2ZQ X cotan, PZD a j -r .1. n.- 

— — • •^"^ ^^ '"^ "^'P goes 

from Z to Q, the morning obfcrvation will be at 
D, and the evening one at C -, and the angle DPZ 
being lefs than half the fum of DPZ and ZPC 
(which denotes the mean time), by half BE or half 
-the angle DPC ; therefore fDPC muft be fubtrac-* 
ted from this mean, to find the true time. And 
the contrary will happen, when the fhip fails from 
the fun ; for then C would be the fun's place at 
the morning obfervation •, and D at the evening 
one. 

Cor. I. This Proh. may he equally ufeful for find-- 
ing the time of the mooti i foutbmg by the watch. 

Cor. 2. If inftead of the fun^ anyjiar be made 
ufeof\ the correSion^ in the II. article^ muft be omit- 
ted y as the ftar does not alter its declination • 

PROP. XVIII. Prob. 

TV take the altitude of the fun or a (lar^ when the 
horizon is not vijible. 

It frequently happens, that when an obfervation 
is wanted and the fun or a ftar is vifible, that the 
horizon is obfcured, by thick hazy weather ; and 
often in calm,weather, it is {o ill defined, that there 
is na certainty in taking an obfervation from it ; 
and yet in the common way, it is abfolutely necef- 
fary to have a clear horizon. Therefore in order 
to fupply this defcdt, one method is this. Fix a 
fpirit level to one fide of a commoo. quadrant. 
The fpirit muft be contained in a glafs tube turned 

^P 



170 N A V I G A T I O N, 

Fig. up at the ends. This tube muft be as long" as the 
24. fide of the quadrant, and very ftrait in the middk,- 
that the fpirit may flow very fldwly through it, and 
hinder its fpilling, when held obliquely. The ends 
that turn up muft be wider, and when the fpirit 
is in, they muft be cemented clofe up, all but a 
very fmall hole in each, in which two pins are to be 
put when the inftrument is not ufcd. But when the 
inftrument k placed ready for ufe, thefe pids muft 
be taken out, to admit the free ingrefs and egrefs- 
of the air. To adjuft the tube, let it be well fixt 
to the fide of the quadrant ; than place that fide 
cxaftly horizontal; and taking out the pins, ob- 
ferve how high the fpirit rifes in each end of ^ the 
tube ; mark thefe places exactly. And therefore 
when ever the quadrant is fo placed, that the fpirit 
rifes to thefe marks, you may be fure, that fide of 
the quadrant lies truly hori2ontal. This quadrant 
muft have an index moveable on the center ; and 
this index may either have plain fights, or a (hort 
telefcope fixt to it. The whole inftrument thus fit- 
ted up, may ftarid upon a ftafF or pedeftal. To 
obferve with it, place it fo that the fpirit may rife 
to the two marks ; there fix it, and direfting the 
index towards the fun or ftaf, the graduated edge 
will Ihew the altitude. It would be convenient to 
have an afliftant to keep the inftrument level, whilft 
you are taking the altitude. 

Another method is, to add a mercurial level to 
pavis^s quadrant, thus. Inftead of having the 
fight vane to move upon the 30 degrees arch, it is 
fixt to an index which moves about the center of the 
inftrument. To this index is fixt the mercurial 
level ; which, like the laft, confifts of a glafs tube 
turned up at the ends ; the middle part of the tube 
muft be extremely narrow, and the ends that turn 
tip, muft be wider, being twice or thrice the dia* 
meter of the middle or more j this is to prevent the 

vibra- 
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Vi&atoiy morion of the mercury. The two cnds'Fig. 
have their tops flopped with pieces* of Wood ce- 
mfiiftd' iii fliem-, and thro* thefe pieces of wood arc 
ihadctwo ^<jry fmalt holes, ih WhicK two pini are 
put,- w}ien thfe inftrument is at reft ; but taken out 
when ufed, to' let the air enter,, that the mercury 
inay tediicc itfelf to a level. The horizontal part 
6f tfte tube' itraft be as loAg ais the index. 

To adjuft the inftrument, let the index be (6 pla- 
ced,- that the ftit in thfe fight vane, and that in the 
foifebntalvanc ma^ be es^aftly upon a level. Then 
font riiercury inter the tube till it rife to the fame 
fevtlih both ends of the tube, arid no higher; thea 
is your inftrument correcft. Therefore when at any 
time the index is fa placed, that the riiercury in 
both legs cbmei j\ift to thd fine of vifion drawn be- 
tween the two flits in the fight vane and horizontal 
vine ; then that line lies horizontal. And a vifibic 
line ought to be dr^wri on the index to fliew this. 

To ufe the irirfrumerit, the bbferver ftiuft chuie 
z convenient pt^ce; where there is the leaft mo- 
tion or wind to difturb him. Then fitting down, 
and taking hold of the inftrument as ufual, and 
looking thro^ the flit^ in the two vanes, move the 
index till the top of the mercury in the tube 
be in the fame line, there keep it, whilft you 
move the inftrument up or down, till the fun 
through the flit of the ftiadow vane fall on the 
flit of the horizontal vane ; when all thefe things 
agree, obferve the degrees cut, and you will have . 
the zenith diftance, as ufual. Here, in looking 
thro' the two flits, you obferve the top of the mer- 
cury in the tube, which ferves for the horizon •, fo 
, that the end of the mddx is moved in the fame 
manner, as the fight vane ufually is. 

To obferve a ftar, fince it can caft no ftiadow ; . 
to have it in a line with the horizon vane and ftxa- 
• dow vane 5 another perfon muft look for the ftar 

thrtf 
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Fig. thro* the two flit$ j the index being kept in its pro- 
jper pofition. * . 

' By this improvement, the want of a horizon is 
fupplied ; fo that an obfervation may be madeiirom 
any headland, or any harbour, or any place oafhorc, 
where the fun can be feen, without any l-egard to 
the horizon ; for the true level will always be pre- 
served, whether on the top of a mountain, or at 
the furface of the fea. 

To compleat the art of Navigation, thefe three 
'things are abfoiutely neceflary ; . the variation of 
the compafs, the latitude of the fhip, and the lon- 
jgitude of it. The firft may be found by an am- 
jplitude or azimuth ; the fecond is known from the 
fun's meridian altitude, by the help of this Prop, 
the third is ftill a fecret, and likely to continue fo. 
For, tho' many thoufand pounds have been paid 
for the pretended difcovery thereof; I doubt we 
ftiall ftill remain juft a^ wife as we were before the 
dilcovery ; except the ill fucccefs of it happens to 
teach us fo much wit, as to take better care of our 
money for the future. And indeed all unlikely ways 
and means for this purpofe, have been propofcd 
and profecuted ; whilft the only probable method is 
never thought of, or quite negleded. 
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DIALLING. 



OR THE 



Art of drawing Dials,- 

O. N 

All Sorts of Planes whatfbever. 

In THREE PARTS. 
Sedt. I. The fundamental Principles of Di, 

ALLING. 

Sc€t. IL The Pradice of Dialling, illuf- 
trated on all kinds of Planes. 

Scdt. III. Of defcribing the common Fuifni- 
ture of Dials ; and the Conftrac- 
tion of fome ufeful Dials of other 
kind€. 



Tempera la^uniury tacitifqu^ fenefcimus annis ; 
Et fugiunt frcsno mn remorante dies. 

Ovid Faft. L. VI. 
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THE 

P R E F A C E. 

A S the meafuring of time exaSfly is a matter of great 
^^ confequence in all human affairs ; without which we 
could not rightly know when to go about any particular huji^ 
nefs ; therefore Dialling becomes a necejfary art. For as cer- 
tain times' and feafons arefet apart as moji proper for perform- 
ing fuch andfuch anions, in which we are conjiantly imploy^ 
ed*i not only in the fever al parts of they ear ^ but at different 
times of the day \ therefore we have need of fome fuch injlru- 
ment as a dialj to direSf us to thefe anions j and to inform us 
when thefe feveral periods of time are come^ And tho* we 
be furnijhed with fome forts of moving machines^ which will 
do thisy as clocks and watches ; yet thefe are often out of or-* 
der^ apt to flop and go wrongs and therefore require frequently 
to be regulated and fet rights by fotne unerring inflrument as 
a dial 'f which being rightly conJlruEied^ will always (when 
the fun Jhines) tell us truth. And therefore whether we have 
any clocks or not^ we Jhould never be without a dial. 

The original of Dials feems to be this. When men atten**- 
iively obferved the fun s circular motion daily round the earth ; 
that in the morning he rofe in the eaft^ moved about to the 
fouthy and from thence to the weji^ in the evenings vJhere he, 
fet. They would at the fame time^ obferve the alteration of 
-the Jhadows ; that they were projeSfed firjl one way and then 
another ; moving round as the fun did^ but towards oppoftte 
points 'y and that they grew longer and Jhorter as the fun af 
cended higher or funk lower . This wottld give the mofl ob- 
vious hint of meafuring time by Jhadows^ or for making of 
dials : tho' they could not be exaSlly executed without the rules 
of art^ which therefore were neceffary to be known^ and art 
tbe Subje^ of this Treatife. For as the motion of the fun is 

the 
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the meafure of iime \ fo no after method could be thought on^ 
than tojhew the time of the day by the/badow of fome index^ 
properly fixt upon a plane. 

At the firjl^ only three parts of the day were di/iinSfly ob^ 
ferved^ which were fun rifcy noon^ andfunfet ; but this di- 
vifion being too general \ they afterwards divided the natural 
day into 24 parts or hours ^ as a number very proper and com^ 
modious^ for di/lingwjhing the various times of the day^ which 
were to be diJiinSfly Jhewn by a dial. 

The foundation of Dialling is entirely depending upon Af- 
tronomy. For the lines on a dial which Jhew the, if ours ^ gre 
the inter fe£iions of the feveral hour circles^ with the plane of 
the dial. And to project thefe hour lines y is the fame fhing 
as to projeSf the fphere^ upon the dial plane. And therefor^ 
the making of dials depends upon projeSfing the Jphere^ par-- 
ticulariy the gnomonic projections which is naturally adapted 
to this purpofe \ and which we have treated on before. 

In the following Booky the firfl feSlion contains the grounds 
of this art'y by Jhewing^ how the feveral requijites are to be 
foundy by the interfeStions of the circles of thefphercy with the 
plane of the dialy from the principles of fpherical trigonome- 
try ; from which the pra£iical rules are deduced. 

The fecond fc5iion contains the praSficCy and that three dif- 
ferent ways, I . Geometrically y by rule and compafsy which 
depends upon the gnomonic projeSJi on ofthefphercy before deli» 
vered. 2. By trigonometrical calculattony by the tables of fines 
and tangentSy which is the moji exaSf way, 3. By the lines 
upon Collin's Dialling fcalcy which is a method extremely 
. eafy and ready. 

The third feBlon Jhews the way of making fome other forts 
of dials ; and drawing the furniture upon any common dial ; 
that is the projeSfion of the feveral circles of thefphere ; and 
inferting thereiny fuch hours as have been ufedby other nations. 
And tho* thefe things are not abfolutely neceffaryy they may 
ferve fomctimes as an ornament for a dial. 



W. Emcrfon. 



f ' ] 



DIALLING 



DEFINITIONS. 

D E F. I. 

DULLING or Gnomonicksj is the art of 
making Dials, and, 

' ^ D E F. 11. 

Ai)ial is aninftrument for (hewing the hour of 
the day, by the fun's fhining upon it. 

The moft common and ufeful fort of dials, are 
thofe >vhere the hour lines are defer ibed on fome 
plane furface, upon which the ftiadow of an index 
falling, fhews the hour by the termination of its 
ihadow. 

D E F. III. 

Dial planes^ are thofe planes on which dials are 
or may be defcribed. And therefore any plane up-^ 
on which the fun can (hine, may be a dial plane. 
All dials are denominated from that great circle of 
the fphere, to which the dial plane is parallel. 
Hence, 

D E F. IV. 

A horizontal Dialj is a dial drawn on a plane pa-' 
raUel to the horizon. 

D E F. V. 

An equinQHial Dialy is upon a plane parallel to 
the equinodtial, 

B DEF, 
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D E F. VI. , 

Ere^ or vertical Dials^ are fuch dials as are draWn 
on upright planes, or thofe perpendicular to the 
horizon. 

D E F. ^ VII. ' 

A dire£l Dial^ is a dial drawn on a plane facing 
fhe eaft, weft, north, or fouth j and is accordingly 
caHed an Eaji di^l^ 2l IVeJl dial^ a North dial^ and a 
South dial. The eaft and weft dials are parallel to 
the meridian ; and the north and fouth dials are 
parallel to the prime vertical. 

D E R VIII. 

A declining Dialy is one that faces none of the 
cardinal points, but declines towards the eaft or 
weft. Thele are a fouth-eaji decltner^ a fouth-wefi 
decliner^ a north-eaft decliner^ and a north-weft de^ 
diner. 

D E F. IX. 

An inclining or oblique Dialy is one whofe plane 
"ftands at oblique angles upon the horizon. And 
thefe may be either diredt ones or decliners. 

D E F. X. 

A reclining Dial, is one whofe plane leans back- 
wards, or from you. 

D E F. XI. 

A procUning or acclining D/W (fometimes called an 
incliner), is one whofe plane leans forwards or to- 
wards you. The planes on which thefe are drawn 
will be proclincrs (or incliner.s) on one fide, and 
recliners on the other. 

D E F. XII. 

Declination of a plane, is an arch of the horizon, 
contained between the plane and the prime verti- 
cal ; Qv between the meridian and a plane perpen- 
dicular 
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dicular to the dial plaise ; and is always reckoned 
from the fouth or north. 

D E F. XIIL 

RecUnation and proclination of a plane, is the an- 
cle it makes with a verti<::al plane ; or it is the num- 
ber of degrees that the plane leans from you or to- 
wards you, reckoned from the zenith ; being the 
plane's diftance from the zenith. But Inclination 
is properly the angle the plane makes with the 
horizon. 

D E F. XIV. 

The center of a Dial, is the point where all the 
hour lines meet, or towards which they tend. 

D E F. XV. 

The Stile^ Gnomon or Cock of a Dial, is a pin, or 
piece of metal, &c. raifed perpendicular upon the 
plane of the dial ; by the fhadow of this, as an 
index, the hour of the day is known. 

D E F. XVI. 

The Subjlile^ is the lind on which the ftile ist 
creAed, perpendicular to the plane of the dial. 
This always goes thro' the center of the dial. 

D E F. XVIL 

Stile^s height^ is the angle which the top edge of 
the ftile makes with the fubftile ; that is, when the 
ftile is in the foriu of a triangle. And then the an- 
gular point is at the centre of the dial. - But if the 
ftile is a pin, the height is the perpendicular length 
of it ; if a parallelogram, the center is at an infi- 
nite diftance. 
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D E F. XVIII. 

The fuhftil^s diftance from the meridian, is the 
angle which the fubfiile m;^s with the i2 o'clock, 
line. ' 

D E F. XIX. 

m 

Meridian of the plane^ is the meridian perpendi* 
cular to the plane of the dial ; and therefore it is 
the fame as the fubftile. This* is quite diffcrent 
from the meridian of the place^ which is that me- 
ridian which is perpendicular to the horizon. 

D E P. XX. 

Height of the meridian, is an arch of the great 
circle or dial plane, comprehended between the ho- 
rizon and meridian of the place.' 

D E F. XXI. 

Planers differenee of longitudey is the angle on the 
fphere contained between the meridian of the place 
and the meridian of the plane ; this is alfo called 
the inclination of meridians. 

D E F. xxn* 

Hour artb^ is an arch of the equinodial,- anfwer- 
ing to the time ; or the angle at the pole. Thus 
1 5 degrees anfwer to i hour, jd deg. for 2 hours, 
45 degrees for 3 hours, &c. This takes its be- 
ginning at the fubftile. 

D E F. XXIII. 

Hour angky is the angle which any hour line up- 
on the plane of the dial makes with the fubftile. , 

D E F. XXIV. 

^he, horizontal line, is a line drawn parallel to the 
platne t)f the horizon in alfiy dial j and is made by 

the 
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the horizontal plane cutting the dial plane, and 
paffing thro* that point of the ftile, whofe fhadow 
Ihews thq hours. In like manner, 

D E F. XXV. . 

The equino£lial line^ is the" interfe<9;ion of the 
plane of the equinoftial and dial plane -, an azi- 
muth iinsj the interfedion of any azimuth with the 
dial plane, &c. 

D E F. XXVI. 

The contingent line^ fs a line drawn thro*^ the foot 
of the ftile perpendicular to the fubftile %^ and ferves 
inftead of the cquinoftial for finding the hour points 
upon it, thro* which the hour lines are to be drawn* 
When the contingent does not pafs thro* the foQi 
of the ftile, it reprcfents the equinoftiaL 
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Refoundation of Dialling, and the ge- 
neral properties of Dials ^ and Dial 
Plctnes. T^he Rules for calculating 
all the Requijites. To find the time 
of the funs Jhining on any Plane. 
Explanation of the lines on the DiaU 
ling Scale. 
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P R O P. I. 

JF a right line be fixt any where upon the earthy 
parallel to the earth's axis ; theftjadow thereof by 
the fun^ moves uniformly about it^ defcribing equal an^- 
gles in equal times. 

It IS matter of obfervation that the fun apparent- 
ly moves about the earth in 24. hours, with a uni- 
form motion, defcribing 15 degrees of the equi- 
noftial every hour. And ^Itho' this apparent mo- 
tion of the fun is really to be afcribed to the earth, 
which aftually moves uniformly round its axis in 
24 hours ; yet we may refer this motion to the fun, 
as it makes no manner of difference in the appear- 
ances, for the rifing, fouthing, fetting, and horary 
motions, will all be exaftly the fame whether the 
motion be in one or the other. This fuppofi- 
tion oPthe fun's uniform diurnal motion, is the 
foundation of all the meafures we have of time ; 

and 
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and particularly the whole art of Dialling depends Fig. 
upon that fuppofition. Now fuppofe the fun in 
motion round the earth's axis, and that thi^ axis 
by the fun's rays cafts a fliadpw -, this ftiadow, being 
in a right line with the fun which is the luminous 
body, and the a?cis which is the opaque body, will 
always be on oppofite fides of the axis, from the 
fun ; and therefore if the fun moves uniformly, 
the ftiadow will likewife move uniformly about this 
axis. 

Let AB be the earth's axis, CD any other line i. 
on the earth, parallel to it. Let ER be drawn 
perpendicular to AB, CD, and in the plane of the 
fun's motion ; to cut them in the points F and L. 
Suppofe MFl, NLK drawn from- the fun. TJien 
by reafon of the vaft diftance of the fun, and the 
fmall diftance of the points F and L upon the 
earth compared therewith ; the lines MF and NL 
are to be looked upon as parallels. Therefore the 
angle RFM is equal to the angle RLN •, and thefe 
being equal to the alternate angles GFI and HLK 
made by the fhadows, thefe alternate angles will 
^Ifo be cqtiaL Hence, whilft the fun fcems to 
•move thro' the angle RFM about F, it will alfo 
fecra to move thro' the equal angle RLN about L, 
And at the fame time the fliadow of F will move 
thro' the angle GFI, whilft the .ftiadow of L will 
move thro' the equal angle HLK. And therefore 
•both the fun and the ftiadow of L move uniformly 
about CD. And thus the fliadow of any other point, 
cOnd con(fequently the whole plane of the ftiadow 

of CD, moves uniformly about CD. 

ft 
Cor. I . Hence if the flace of the fhadow of this 

line QX^ he marked^ or drawn with a black line^ at 

any given hour \ every day when the fun returnsy its 

fhadow fball fall upon the fame black line^ at thefamfi 

hour of the day. 

B 4 Cor. 
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Fig. Cor. 2. therefore if a line he fixed parallel to thfi 
I. earth's axis in any fix t plane -^ and the place of its 
Jhadow he marked at 1 2 0^ clock ; and likewife where 
it cuts the plane at every 1 5 degrees of revolution of 
the (hadow^ thefe marks will denote the hours of the 
dayy and the fhadow will meafure time as truly upon 
that planCy as the fun it f elf does in the heavens ; that 
is^ there will he confirutled a true fun dial. 

For as the fun moves thro' i^ degrees every 
hour, the fhadow will likewife move thro* 15 de- 
grees every hour, in its revolution round CD; 
and therefore its interfeftion with the fixt plane, 
muft needs point out the feveral hours. 

Cor. 3. Hence it is the very fame things whether 
a dial he drawn upon any given plane^ or upon that 
great circle of the fphere which is parallel to it. 

P R O P. IL 

•«. 

If a line he ereSled perpendicular to a plane^ and 
the top of it defcrihe any curve therein^ by its Jhadow 
in the fun. If the plane he removed to any other 
place on the earthy in a quite parallel fituation ; the 
fhadow will defcrihe the very fame curve as before^ and 
at the fame time. 

I call that fituation of a plane quite parallel^ when 
-it not only continues parallel to itfelf, or to fome 
original plane, to which it was parallel at firftj 
but aJfowhen any right line drawn in it, continues 
parallel to itfelf, or to fome original line, to which 
it was at firft parallel. When anly the parallelifm 
of the plane is regarded, it may have an infinite 
number of pofitions, for any one fide of it may be 
up or down. But when a certain line drawn in it, 
is to have the fame pofition, and tend the fame 
way, this fixes its fituation, if the face of the 

plane 
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plane looks the fame way as before. So that if Fig 
a plane is moved from one place to another, fo that 2. 
it continues always parallel to itfelf, and a right 
line drawn in it continues parallel to itfelf ; that 
plane is always in the required fituation. This be- 
ing explained. 

Let the line AB be erefted perpendicular to the 

plane CD, and let A the top of it by its (hade in 

the fun, defcribe the curve FGHI. Then if it 

be removed to cd^ in fuch a parallel fituation ; and 

the curve fgbi be defcribed by the fhadow of the 

top a* This curve will be the very fame as ,FGHL 

For draw FB, GB, and /&, g^. And let SAh\ 

TAG be the fun's rays, when the fhadow is at F 

and G j and faf^ fag, his rays when the fhadow is 

at/ and g. 1 hen from the vaft diftance of the 

fun, and confequently from the parallelifm of the 

rays SF, sf at the fame moment, and of TG, /g*, 

alfo at the fame moment, another time ; we fhall . 

have the angle AlFB^zz aflf, and AGB = agb, alfo 

FAG '=^fag. And fincfc the perpendicular ab zz AB, 

therefore af= AF, ag z= AG, whence fg — FG, , 

After the fame manner is proved that gh :=iGH, 

and hi rz HI, &e. Therefore the whole curve fghi 

is the fame as the curve FGHI. And becaufe the 

plane is in a parallel fituation, the angle cbf zi CBF ; 

and therefore the curve is in the fame pofition in 

refpedt of any line drawn upon the plane. 

It is to be noted, that when the fun is in the e* 
-quinpftial, then FGHI or fghi will be a right line. 
For the equinoftial being a great circle, its plane 
will cut any other plane in a right line, fuppofing 
' it either at the center of the earth, or any way on 
its furface. For -any point of the earth, as well 
is the center, may be taken for the center of the 
equinoftial, or of the fun's motion at that time. 
But at other times the earth is not in the center of 

the 
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Fig. the fun's motion. For the line drawn from the 

2. earth to the fun continues not in one plane, but 
defcribes a conic furface, and therefore the curve 
FGHI will be fome conic feftion. 

Cor. I. Hence the motion of the Jhadow of a point 
as A, upon a plane CD, is the very fame^ whether 
the plane be placed in the center of the earthy or arty 
way on its furface^ provided it be in a Jit nation quite 
parallel. 

Cor. 2 . "The place of the fbadow at the fame mo- 
ment^ will be at the fame place G or g, whether tht 
place be at CD ^r cd. 

PROP. III. 

If a line be elevated above a plane andfixt tbere^ 
its fhadow will be the fame ^ at the fame moment of 
time^ whatever part of, the earth it is placed itp^ fro- 
vided it be in ajituation quite parallel. 

3. Let the line AO be raifed above the plane CDS, 
and fixt there, interlefting the plane in O. From 
any point in it as A, let fall the perpendicular AB 
upon the plane. From the fun at 6, draw the 
line SAG interfering the plane in G; Then (by 
Cor. 2. of the laft Prop-X the fhadow of A at tha^t 
inftant will fall upon G, wherever thfe plane CD is 
placed, fo as to be in a pofition quite parallel. 
But if a plane be drawn thro' the fun at S, and 
the line AO, it will cut the plane CD in the right 
Jiine GO ; where AGO is the plane of the fhadow, 
and GO the line of fhadow. Confequently the 
fhadow of AO, will at the fame moment fall upon 
the fame line GO wherever-the plane CD is placed, 
in a quite parallel fituation. 

And if the flile AO be parallel to the plane 
CD, the fhadow will fall on the fame line, in all 

places i 
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places •, as will be evident by letting fall a per- Fig* 
pendicular from any other point of the line ; for 3. 
the fhadow of that point, will always fall upon the 
fiime point of the plane *, and the line of Ihadow 
drawn thro' thefe two points will always be the 
fame. 

P R O P. IV. 

In every dial that has a fiiUy the edge of it^ that 
gives thejhadow^ muft always be parallel to tbeearth*s 
axis, and point direlily to the two poles. 

It has been fhcwn in Prop. I. that the fun moves 
uniformly about the earth's axis •, and confequently^ 
by reafon of the fun's great diftance, it alfo moves 
uniformly about any line parallel thereto. That 
is, if a plane be fuppofed to be drawn perpendicu- 
lar to the earth's axis, or to this line, and a circle 
be defcribed about the ftile, as the equinoftial cir- 
cle is about the earth's axis ; then the fun, and 
coniiquently the Ihadow, which is oppofite to it, 
will move uniformly in this circle, defcribing equal 
angles or equal arches in equal times. And this it 
will dways do, tfrom the parallelifm of the ftile to 
the earth's, axis. But alter the pofition of the ftile, 
fo that it may not be parallel to the earth's axis, as 
before ; and then no fuch regular motion will be 
made about it by the ihadow. Therefore the po- 
fition. of the ftile to ftiew this regular motion of 
the fun, muft be fuch,* as to be parallel to the 
earth's axis, or to point direftly to the two poles. 

Cor. Hence the ftile muft befofixt upon any dial 
plane J that its edge may point direSly to that pole 
which is el&vated above the ^ial plane. 
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Fig. 
5. P R O P. V. 

In any dialy the angle of tbeftil^s height ahosit the 
fubftiUy is equal to the height of the pole above the 
plane of the dial. 

It has been proved in the laft Prop, that the ftilc 
muft he parallel to the earth's axis. Now the ah- 
gle that the axis of the earth makes with a great 
circle of the fphere parallel to the dial plane, is 
meafured by the arch of a great circle, which is 
perpendicular to the former, an4 paffing thro* the 
earth's axis, which arch is contained between the 
parallel great circle. and the axis, or the angle which 
the axis makes with that parallel great circle. But 
this angle is the elevation of^the pole above that 
great circle. And fince the ftile is parallel to the 
earth's axis, and the lubftile parallel to the inter- 
feftion of the perpendicular circle with the paral- 
lel circle ; therefore the contained* angles will be 
equal; that is, the angle of the ftile and fubftilc 
is equal to the elevation of the pole above the dial 
plane, or above its parallel great circle. 

Cor. J . If the dial plane he parallel to a great cir^ 
cle paffing thro!' the poles \ the ftile will have no angle 
of elevation at all above the dial plane^ but will be 
parallel to the fubftile. 

Cor. 2. If the ftile be continued thro* the plane on 
the other ft de\ its angle with thefubftile will be equal 
' to the height of the other poky above the other Jide of 
the plane. 

For the alternate angles being equal, the height 
of the ftile above the fubftile, is the fame on the 
other fide of the plane. And the height of the pole 
being the fame on both fides its parallel great cir- 
cle. 



Scft. I. DIALLING. 13 

clc, it will alfo be the fame on both fides the dial Fig. 
plane ; that is, equal to the angle of the itile and 
fubftile, 

PROP. VI. 

The interfeSlion of the meridian of the place and 
the plane of the dial^ is always the hour line of 12 , 
oUlock ; and all the other hour lines are the interfeSfi^ 
ens Bf the fever al meridians or houK circles with the 
plane of the dialy all faffing thro' theftile. 

It is plain, that when the fun is in the nleridian 
of any place, that it is 12 o'clock in that place. 
But the plane of the meridian pafles thro' the ftile, 
and the fhadow of the ftile being in the fame plane 
with the ftile and the fun ; this fhadow will appear 
on the dial plane where the meridian in terfcfts it; 
and therefore this inteffeftion is the hour line of 1 2. 

Like wife fince^ all the meridians interfed one 
another in the earth*s axis, they. may be fuppofed 
to interfedt one another in the ftile, which is pa- 
rallel to the axis, fince all the motions and revo- 
lutions are alike performed round both. And fince 
the fun, the ftile, and the (hadow, are all in one 
plane ; the fhadow muft appear where this plane 
interfeds the dial plane. And therefore when the • 
fun is in any hour circle, the fhadow will fall upon 
that'interfcftion, which therefore will be the proper 
hour line at that time. . 

Cor. I. All the hour lines' meet in one pointy which 
is the center of the dial. 

For as all the meridians pafs thro' the ftile, they 
will all pafs thro* the point where the ftile cuts the 
dial plane ; that is, thro' the center of the dial. 
And all the interfeftions with the dial plane, that 
is, all the hour lines, will meet in that point, which 
Is the center. 

Cor. 
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^* Cor. 2. U^en the dial plane pajfes tbro^ the poles^ 
the hour lines will be parallel to one another. 

For then the center, or the point where all the 
hour lines concur, is at an infinite diftance. 

PROP. VII. 

. In any dial with a cenfer^ if the hour lines he pro- 
duced thro* the center^, fo as to appear on the other 
fide of the plane •, and if theftile he alfo produced thro*' 
she plane \ you will then have a dial for the hack fide 
cf the plane \ where the fame hours belong to the famt 
lines produced^ 

For fince the meridians or hour circles interfeft 
the dial plane in right lines, and the ftile is in the 
planb of every hour circle; its ftiadow will al- 
ways be in that intcrfeftion. Therefore in what- 
^cver part of the hour circle the fun is, its Ihadow 
will always be in the interfeclion of it with the 
dial plane, and therefore in the fame right line. 
But it will likewife be the fame hour of the dily, 
when the fun is in the fame hour circle, whether 
it ftiines upon one fide of the plane or the other. 
Whence the fame right line continued thro' the 
center will always denote the fame hour. And 
if the liin was in difierent or in oppofite points 
of the fame hour circle •, any line will ftill denote 
the fame hour, tho* fometimes it may be the morn- 
ing hour, and fometimes the afternoon hour. 

PROP. VIIL 

In all upright diak^ the hour line of 12 is perpen^- 
dicul^r to the horizon. 

, For 
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For the interfedion of the meridian of the place Fig. 
with the dial plane, (by Prop. VI.) is the hour line 
of 12 o'clock. But the meridian of the place is 
perpendicular to the horizon ; and the dial plane 
is alfo perpendicular to the horizon, therefore 
(Geom. V. 15O their interfcftion is perpendicular 
to the horizon ; that is, the 1 2 o'clock line is per- 
pendicular to the horizon. 

P R O p. IX. 

In a direli eaft or wefi reclining, dial j the hour Urn 
of iz is parallel to the horizon. 

For the meridian of the place is perpendicular 
to the prime vertical ; and the dial plane is per- 
pendicular to the prime vertical ; and therefore 
the common interfeftion of the merfdian and dial 
plane is perpendicular to the prime vertical. But / 
the interfeftion of the meridian and dial plane 
(by Prop. VI.) is the hour line of 12. Therefore 
the hour line of 1 2 is perpendicular to the prime 
vertical \ and therefore is parallel to the horizon. 

P R O P. X. 

A difll removed from its irue place to any other^ and 
placed in a Jitttations quite parallel^ and the fun jhine^ 
ing on it \ will always Jhew what a clock it iSy at 
the place it came from. 

For (by Prop. III.) the fhadow of the ftile of this 
dial, will fall upon the fame hour line, at the fame 
moment of time, wherever the dial is placed, in 
fuch a parallel fituation. Therefore at every parti- 
•cular hour of the day, at the original place, the 
"Ihadow will fall on the fame hour of the dial at 
the other place, juft the fame as if the dial had 

remained 
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Fig. remained at the firft place. And . therefore it al* 
ways fhews the hour of the day at the firft place. 

Cor. I. If any dial whatever be removed from Us 
original tlace^ to another place under the fame meri* 
dian^ and placed in a quite parallel Jituation^ it will 
(hew the hour of the day truly at this laji plact \ that 
is J it will go truly there. 

For all places under the fame meridian have each 
hour of the day, at the fame moment of time. 
That is, it is 1 2 o'clock at one place, when it is 
1 2 o'clock at the other ; and one o'clock at the firft ' 
place, when it is one at the other, &c. 

Cor. 2. But in other places^ not under the fame 
miridian^ it will not fhew the true time for this laft 
placcy in thisjituation^ hut will go fafler or flower^ 
proportional to the difference of longitude from the ori^ 
ginal placCy according as it is removed eafiward or 
wefiward. 

PROP. XL 

If a reclining plane be fet fo far backy {in a great 
circle perpendicular to that plane^) jufi as many degrees 
as it reclines^ and parallel to its firft pofttion \ it will 
then be an ere£i plane. . 

4- Let AB be the reclining plane, GB a great cir- 
cle of the fphere perpendicular to it, C the center ; 
remove the plane to G, and draw CBD, and CG ; 
then DB, being a vertical plane, the angle ABD 
will be the reclination of the plane AB. And AB 
being removed thro* the arch BG, into a parallel 
fituation at, G ; fo that the angle ABD may be 
, equal to GB; or the angle GCB ; then the line GC 
will be parallel to AB 5 and GC being a radius of 
the fphere, it is perpendicular to the furface at G ^ 
but FG being alfo parallel to AB, FGC is one right 
line, and FG a vertical plane. 

• Cor. 
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Cor. I. If a vertical plane FG ie mo'Oed in a ^^-Fig. 
fallel direSlion thro* a^ arch of .the great circle GB^ 4. 
perpendicular to it ; its riclittdtion ABD will be equal 
to that atcb GB. ' 

Cor. 2. Ukewife in d Prdclining plUni ASj (/* // 
he fetfo far forward^ that the aM GB may be equal 
to the degrees * of proctinatiott^ aiid be* placed parallel 
io it/elf I it will then be a vertical plane FG. 

' Cor.v^, I^ a fecUffing plane KR^ continuing pa- 
rallel to itfelf^ be carry d ihro* the arch of a great 
circle perpendicular thereto BH, equal to the planers 
inclination to the h&rizoA^ ABG 5 it will then be ^ 
horizontal plane tf/ H. 

For finceangle ABD irGGB^ ahd ABG =z BCH, 
GCH = DBG = a right anglcj and AB or FG 
i^arallfel to the holrizon at H. 

PROP. xti. < 

^ • • * _ » 

If any Vertical plane ABID, whofe horizontal line j, 
ii Bl, he removed^ to iiny place b iti the plane of its 
great circle^ in a quite parallel pofttioti. ^ Its horizon- 
tal line bi^ will be elevated ^ above the hdrizon of the 
place b, the quantity of the arch Bb% Or angle hbi 
^iircbhh 

I^rbm the center C of the great circle B^, driw 
Be, C^, and draw bf parallel to BC, and the ho- 
rizontal line bhy of the place b. Then fince the 
angles CBI, fbi^ Cbh are right angles ; we have 
angle Cbf -z hbi. But from the parallels BC, bfi 
angle 0/=BC^; therefor? i^^f =- BO. 2: arch fi^*- 

Cor. Hence if the plane BV> be removed thro* an 
arch of go degrees^ the horizontal line Bt will becomi ; 
a vertical line. 
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Fig* 

PROP. XIIL 

If an treSi declining dial plane be rem^ed along the 
plane of its great circle^ till its difference of longitude 
be equal to the plants difference of longitude ; // wiU 
become afullfoutb or north ereH plane. 

6. Let NES W be th? horizon, Z the zenith, HZD 
the great circle wherein the dialling plane is placed, 
being at Z j NS the meridian, P the pole. Draw 
the meridian PB, perpendicular to the great circle 
HD; and B is the place where the 4ial plane is a 
full fouth or north plane, becaufe the nieridian of 
the place B is perpendicular to it. And (by Def. 19. ) 
PB will be the meridian ot the plane. Therefore 
(Def. 21) the plane's difference of longitude is the 
angle I^PB, equal to that thro* which the plane 
was moved. 

Cor, I. The planers difference of longitude is the dif^ 
ference between the longitude of the given pldce^ and 
the longitude of the place where the dial plane is a di'- 
reSl fouth or north plane. 

Cor. 2. And to find the new latitude ofB. In the 
fpherical triangle FZB ; rad: cof latitude (S.ZP) : : 
cof. declination (S.Z) : cof. new latitude (S.PB.) 

PRO P. XIV. 

A reclining eali or weft dial plane will be an up- 
right plane^ under the fame meridian^ when placed 90 
degrees from thence in a parallel Jituation. 

g^ For let Z be the zenith as before, WE the prime 
vertical, NAS the great circle parallel to the dial 
plane. Then the circle NAS cuts the meridian NS 
in the points N and S. And (by Prop. XI.J, if 

the 



Scft. I DIALLING. 19 

the plane be moved from Z to A in a parallel fi-!pig. 
tiiation, it Will be ereft at A. And fby Prop. XIL) 6^ 
It will be cre6l: in any place of its great circlt N AS* 
And therefbre at N and S, it will both be eredt^ 
and in the merididn^ where ZN and ZS are 90 de- 
. gtees** ' : ' 

Cor. ^Tht new lalltuie N br S» ^here an eaji or 
wefi recliner is ertS^ will be thi complement 6f the 
old latitude at Z. And the new declination is the 
complement of the recknation. 

For NP s complement of ZP, and ZP = comp. 
NP =: new lat. Alfo the angle WN A or the decli- 
nation zz comp. ANZ or of AZ the declination* 

P R q p. 3CV. Prob. 

' The declination and reclination of a dial plane being 
given. ' "to find the new latitude and declination^ where 
itjball he an upright plane j upon the fame meridian. 

Let NASW reprefcnt the fphcre, NESW the 7* 
horizon, P the pole, Z the zenith^ NS the meri- 
dian, WQE thp equinoftial, WZE the prime ver- 
^ tical. Pi, P2, P3, &c. hour circles, HMA a 
great circle parkllel to the dial plane. Draw the 
vertical Z6 perp. to HMA. Then M will be the 
new place, upon the meridian NS, where the plane 
}s upright, and PM the complement of its lari* 
tude. Therefore in the right angled fpherical 
triangle ZBM, there is giveft the angle BZM the 
decimation, and the fide ZB the reclination ; to 
find the angle BMZ the complement of the decli- 
nation at M; and the h)rpbth<?nure ZM, whiqh 
fubtraded from PZ the comp; of the latitude, 
when the plane runs between the zenith and pole, 
Cotherwife PZ fubtrafted from it, when the plane 
is below the pole), leaves PM, the complement 
of the new latitude. 

C 2 Coc 
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Fig. Cor. I . As cqfine of the old declination 
7. Radius \ 

So tangent, reclination : 

tangent of an arch. And the difference letwtin 
this arch and the complement of the latitude^ is the 
complement of the new latitude. 

For (by Cafe 9. right angled fpherical triangles) 
cof. BZM : rad : : tan. BZ : tan. ZM4 

Cor. 2. Radius : 
Sine of the declination 1 1 
Cojine — reclination : 
Sine -^ new declination. 

For (by Cafe 8.) rad : S.BZM : : cof. B2 : c6i. 
BMZ. 

PROF. XVI. Prob. 

The declination and reclination of a plane being gi" 
ven\ to find the new latitude^ and longitude^ where it 
fhall be a direfl north or fouth upright plane. 

Let NS be the meridian as before, Z the zenith, 
P the pole, and HMA the great circle, to which 
the dial plane is parallel. Draw the meridian FFi, 
, , perpendicular to the given cii^cle HMA, then F is 
the place where the plane beconics a direft north 
or fouth vertical plane. And drawing ZB perp. to 
'HMA. In the triangle BMZ there is given the 
reclination BZ, and declination = angle BZM, to 
find ZM and angle BMZ, as in the lad: Prop. 
Then in the triangle PMF right angled at F 5 there 
is given PM and angle PMF ; to find the comple- 
ment of new lat. PF, and difference of longitude 
MPF. 

Cor. I. LetB = PM {the difference between MZ 
and the comp. of the latitude. Then) 
Radius : 
Sine of B : : 

'- -■ ' Coftne 
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^ Gojine — declination at. M : Fig. 

Cq/ine — new latitude. y. 

Tor (by Cafe 2.) rad : S.PM : : S.PMF : S.PF. 

Cor. 2. Radius : 
Cqfine of B : i 
Tan. PMF : 
Cotan. MPF the dif. longitude^ (by Cafe 3O 

Or tbust 
Radius : 
Cotan. B : : 

Cotan. new latitude : " 
Cofint'-^diff. longitude. 
For (by Cafe 4.) Rad : Cotaii. PM : : Tan. PF : 
Cof. MPF. 

PROP. XVII. 
Any dial whatever^ whether direSj declining^ or in* 
elinihgj (^c. made for any latitude ; will pew the 
^ time truly ^ in all places of the fame latitude \ provi- 
ded it be placed in a like Jituationy in regard to tbe^ 
meridian of the place ; that iSj provided it have the 
fame declinationy.reclinationj ana horizontal portion. 

For if the dial be placed alike in different places 
under the fame parallel, the fhadow of the gno- 
moR, at the fame hour of the day, cannot but. fall 
upon the fame hour lines. For imagine two dkla 
to be made for two fuch different places ; there 
being exaftly the fame data for both ; the fame 
hour lines and every thing elfe will be the fame in 
both. And that they may both go true in their 
refpedive places, for the apparent time, there; is 
nothing more required, than to give them both 
the fame (ituation. 

• r 

Cor. I. Any fort of dial made for one place^ will 
go true in any other place^ tho' in a different latitude^ 
and longitude^ provided it be fet in a proper fituation. 
• - ^ C 3 For 
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Fig. For by this Prop, if it be removed to any place 
in the fame parallel, or of a different longitude i 
and placed alike, in regard to the meridian, ho- 
rizon, &c. it will go truly there, for that place. 
And by Cor. i . Prop. X. if the fame dial be remo* 
ved from this fecond place to a third place, under 
the fame meridian ^ and fet there in a quite parallel 
pofition, to that it had in the fecond place ; it will 
go truly at this third place. Therefore it woujd 
go alike at all the three places. 

Cor. 2. Jf^ dialm^fcr 4Wf phcc of the worlds 
v^iU go truly at any other plac^ of the worlds being 
placed in a f roper pofition, 

PROP. XVIIL ProK 

To find the requijites for a horizontal dial^ 
• 
^ Here is nothing required, but the latitude of 
' * the place ; from which the angles of the feveral 
hour lines with the 1 2 o'clock line muft be found. 

Let NESW be the horizon, NS the meridian, 
P the pole, Z the zenith -, Pr, Pi, P^, &c- the 
feveral hour circles ypon the fphere. Then we are 
to find the arches Nr, Ni, N^, &c. or the an- 
gles at the center Z of the circle NESW. There- 
fore in the right angled fpherical tria:ngle PNc, 
there is given PN the latitude of the place, and 
angle NPr, which is 15 deg. for an hour, 30 dfeg, 
for ^ hours, 45 deg. for 3 hours, &c. td find the 
oppofite fide N^^ or Ni, or N^, &c. which are the 
hour angles^, 
Cor. I . Radius : 
Sine of the latitude : l 
Tati. hour arch : 
Tan. hour angle* 

For (by Cafe 7. right arigled fpherical triangles,) 
Rad : S.PN : : tan. NPr, or the corrcfpohdent arch 

of 
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of the equinoftial : tan. Nf, which is the meafure of Fig. 
the hour angle : : and fo tan. NP^ : tan. N^, &c. i. 

Cor. 2 . j4 horizontal dial made for fouth latitude^ 
vnllferoe equally for the fame degree of north latitude \ 
turning the fiuth end to the norths and reckoning the 
hours the contrary way from the meridian. 

PROP. XIX. Prob. 

^ofind the requifites for an ere&f direSi fouth or north 
dial. 

Here the height of the pole above the plane muft Jl 
be had, and this is equal to the complenient of the 
latitude. Therefore let NESW be the horizon, Z • 
the zenith, P the pole ; WZE the plane of the 
dial. Then the pole is elevated above the plane 
of the dial, the arch PZ, which is the complement 
of NP, or the complement of the latitude. Then 
if the hour circles Pi, P2, Pj, &c. be drawn, cut- 
ting the right circle WZE in j, r, j, &c. Then to 
. find the arches Zy, Zf , Zj, &c. In the right an- 
gled foherical triangle PZ^, there is givqn PZ the 
complement of the latitude, and the angle Z?q ; 
to find the arch Z y, or the angle at the center. 
And the like for the arches Zr, Zj, &Cj in the tri^ 
angles ZPr,. ZPj, &c. 

Cor. I. Radius : 

' Co/ine'latitude : : 
Tangent^hour arch I . 
^ang. hour angle. 
For (by Cafe 7.) rad : S.PZ^ : : tan. ZPj : tziy. 
Xq : : tan*^ ZPr : tan. Zr, &c. 

Cor. 2., In a direSl fouth .ot north inclining dial, the 
fame analogy muft be Hfed, only taking for the fecond 
term J th& fine of the pole's height above the dial plane j 
to be found by Prop. XI. 

C 4 Con 
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Fig. Cor. 3. A direSlJoutb dialy is a hrhofital dial 0^ 
7. the foutb fide of the glohe\ and a north dial^ on tb^ 
ngtibfide. 

PROP. XX. ?roh. 

^ofind the requifitcs^ for ereff dectimng dials. 

m 

/ 

Here the latitude of the place, 4nd the declina"- 
tion of the plane muft be given ; and what is fur- 
' ther Wanted muft be found from thcfe. And that 
is, I . the height of the pole above your dial plane. 
2. The diftance of the fubftile from 12 o'clock. 
Apd 3 the plane's dijfFcrencc of longitude. 

Let NESW .be the horizon, C its center, NS 
the meridian, P the pole, and Z the zenith ; HA 
the declining vertical plane ; Pi, P2, P3, &c. me- 
ridians or hour circles, cutting the circle HA in /, 
v^ &c. Let the meridian Pv2 be perpendicular to 
HA, then the plane of the meridian l?v^ will be 
perpendicular to the plane of the dial 5 and there- 
fore the angle ZPv is the plane's difference of lon- 
gitude • by Def, 2 1 ), and the arch Pv is the height 
of the pole above the plane. And the arch Xv is 
the fubftile diftance from the meridian. Therefore 
in the right angled fpherical triangle PZv, all the 
3 requifites will be found. For we have PZ the 
complement of the latitude, and the angle PZA 
the complement of the declination AZE ; from 
whence will be found Pv, Zv, and the angle ZPv, 

Cor. I. M radius : 
$\ne declination : ; 
Cotan, latitude : 

Tan. fubftile' s diftance from 12 o'clock^ and lies 
. . the contrarfway as the declination. 

For (by Cafe 1. of rjght angled fpherical trian- 
gles), rad : cof. PZv : : tan. P;^ : tan. Zy, 

Cor. 
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Cor. 2. Radius: Fig* 

Cofine declinafion : : ^^ 

Cojine'latitttdei 
Sine fiiUs height. ^ 

For (by Cafe 2), rad : S.PZ : ; S.PZv : S.Pt^. 

Cor. 3. 5. latitude : ^ 

Radius : : 

7ii». declination*. 

Tan. planers diff. longitude. 
For (by Cafe 3), ra^ : cof. PZ : : tan. PZt^ : cotati. 
Z?v : : tan. ZPv : cotan. PZ^. 

Cor. 4. For the hour angles^ it will be^ > 

As radius : 

Sin. pole^s height : : 

Tan, hour arch from the meridian of the plane : 

Tan. hour angle from thefubjiile. ^ ^ 

For let P/i be any hour circle; in the triangle 
P/v, there is given the poleV height P'l;, and, the 
hour arch, equal to the angle t?v\ tp find tv^ (by 
Cafe 7), rad : S.Pt; : : tan. /Pv : tan. tv zz. angle at 
the center, or the hour angle. 

That all the requifites are rightly found from 
thefe proportions, will appear thus. ,The planes 
of the two meridians PZ, Pv, interfeft one another 
on the fphere, in an angle ZP^', equal to the 
planed difierence of longitude. And the fame me- 
ridians, interfeft the plane of the dial in an angle 
equal to ZV, as it fliould be. For they interfedk 
one another in the center of the fphere, which is 
the center of the dial. And they interfeft the 
dial plane HA in Z and v. and Tju meafure$ that 
angle at the center. And for the fame reafon, tv 
meafurps the hour angle from the fubftile. 

Again Pv meafyres the angle of the ftile above 
the fubftile. Fof P^r; is perpendicular to HA, and 
the arch Pv meafures the angle for^ned at the cen- 
ter of the fphere, whigh is t^e center of the dial ; 

one 
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Fig. one fide being the axis drawn from P, the other 
' 7, the fubftile drawn from V. 

Alfo ZP^y has been fhewn to. be the plane's dif- 
ference of longitude. 

Cor. 5. The planers dif. longitude on thefphere^ is 
eortveried into the. fubfttl^s di^ once from 12, ly the 
interfeStion of the two meridians {of the place and of 
the plane )^ with the dial plane. 

For the angle ZPv exprefles one, and arch Zv 
the other. 

Cor. 6. And every hour angle on tie fphere^ is 
converted into the hour angle in the dial, .fy the in* 
terfeHion of the fame two hour circles^ with the plane 
of the dial. 

For the angle t?v expreiles the hour angle on 
the fphere, and tp the angle at the center. 

S C H O I. I U M. 

Tho' the rules laid down in thefe Corollaries are 
fufficient for finding the feveral requifites ; yet by 
having other data, they may be found by other 
proportions, fome of which for variety, I fliall here 
ict down. 

In Cor. I. For finding the fubftile's dlftance. 
Cof pole's height above the plane (Pv) : 
MnerlatiSude {cof ?Z) : ; 
I Radius : 

Cof4iAfiiiesiifi..from la. 
!«By Cafe 6. 

Or Radius : 

Sin^ declination {cof. PZv) : : 

Tan. pole*s height akove the plane (Pv) : 

$in.futftil/4 aiflance (Zv). 

By Cafe lo. 

la 
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In Cor 2. For findmg the iHle's height. fig. 

Cof. fidfiH^s iifiam civ) : •7* 

^ Sin. latitude (cof. PZ) : : 
liddiUs : 

Ce/i Jtil^s beiibt (Pv), 
By Cafe 6. 

Or Radius • 

Sin.0ftiUs'dift(mee (Lv) : 
'Cotan. declination (tan. FZv) : 
^ott. fiilis height (Pv). 
By Cafe 7. 

In Cor. 3. For the plane's difiV lon»ttide. 
Cof. latitude (S.PZ) : 
* Radius : : 

m. fubftil^s tSfitme i'Zv) : 
Sin. plants difi. hn^^de (ZPi>). 
By Cafe 5. 

Or Radius : 

Tan. Idtitttde (cotan. PZ; : : 
; ' Tan. ftil^s hagbt {Pv) : 

Cof. plants dif. longitude (ZPv), 
By Cafe 4. 

Or Radius : 

Cof. declination (S.PZv) : : 
Cof fubftil^s dtfiance (Zv) : 
Cof plants dif. longitude <ZPv). 
By Cafe 8. 

Or Cof ftiUs height {Pv) ; 

Sin. decUnatioH (cof. PZv) : : . 
Radius'. 

Sin. plane's dif. longitude (ZPv;. 
By Cafe II. 

Ox Sin. JtiUs height XPv)i 
Radius : : . 

Tan. fubjtile's dtfiance (Zv) : 
Tan. plants dif. longitude {ZPv^. ' 

By Cafe 13. PROP. 
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JFig. 
.7. PROP. XXI. Prob. 

To find the requi/ites for a dire3 eaft, or v;ejl; incU- 
ning or reclining dial. 

The latitude of the place and the reclinatioa of 
the plane muft be given. And from thefe muft be 
found, I. The height of the pole above the plane. 
2. The fubftile^s diftance from 12 o*cock. 3. The 
plane's diJBfbrence of longitude, 
g^ Let HZON be the meridian, HO the horizon, 
ZN the prime vertical, P the pole, Z the zenith. 
HF(3'the inclining plane. Let the meridian PFD 
be perpendicular to HFO. Then the plane of the 
meridian PFD will be perpendicular to the plaine 
of the ^ dial, and PF will be the meridian of the 
plane (Def. 19.), and OFF the plane's difference 
of longitude (Def 21.) alfo PF (or angle PCF) 
will be the height of the pole above the plane. 
And FO (or angle FCO) the diftance of the fub- 
ftile from the meridian. Therefore in the right an- 
gled fpherical triangle PFO, there is given PO 
the latitude of the place, ahd the a;igle PQF the 
reclination or proclination of the plane j to ind 
FO, FP, and angle OPF, 

Cor. I. Radius I ^ . ' 

Cof. reclination {or proclination) : : 
Tan. latitude : : • . > 

Tan. fuhftilis dift. from 1 2 o'clock ; running 
upwards towards the norths or downwards towards 
the foutb. . . 

For (by Cafe i), rad : cbf. POF : : tan. OP : 
tan. OF = angle OCF, which the meridiw FC 
(or fubftile) makes with CO the 12 o'clock line, 
(or meridian of .the place>, at C the center of the 
dial. ' . 

— ^ ^ ^ Cor. 



Cor. 2. Radius I ' ' Fig, 

Sin. latitude : : S, 

Sin. r^UnatiinXor protUnation): 
Sin. Jtik's height. . . ^ 

For (by Cafe 2.) rad : S.OP : : S;i?OF : S.PF * 
= angle PCFj, which the ftile PC makes with the 
fubftifeCFC) It C the center of the dial. 

Cor 3. Radius : ' , 

Cojf^. latitude : : 

5iii.^ ricUnatiM (orfrdcUnatiM)t , . 
Cotan. flanks d^. longitude. 
For (by Cafe 3.) rad : :cof. OP i^i.tan. POF : co- 
tan. OPF = angle made by the meridian of the 
place, and that of the .plsUkt. '■-..',.* 

Cor. 4. For the hour angles^ it will he^ 
As radius :,.-.. 
^in. folfs height ahove the plane : : 
^an. hour arch^ from the meridian of the plane : 
Tan. hour angle from the fuhjtile. 
For, drawing any hour circb PID, in the right 
angled Cpheridal' triangle PFI, there is given PF, 
and angle FPI, to find FI ; by Cafe 7. Rad : S.fF 
: : tan. FPI : tan. FI zz angle FCJ, which the cor- 
refpondent hour line, on the dial makes with the 
fubftile, at the center. 

The calculation in the triangle OPF is for an 
eaft dial ; but for a weft dial, let A be the pole, 
and draw the meridian AGB perpendicular to HGO; 
then there are the fame data in the triangle AGH, 
as in PFO 5 whence the fame things will be found 
for a weft dial. 

Scholium. 
Other rules for finding the requifites may t^e de- 
duced from the fs^me triangle CPF, as follows. 

Cor. I.. For the fubftile's diftance. ' 
.As Co f pole* s height above the plane (PF) : 
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Fig. Cof. latitude (PO) 1 1 
^, Radius : 

Of. fubft. dli^ ^m Ml «i'<Mk (FO). 
By Cafe 6. 
Or Radius : 

Ctf/dBH. ra/«Bkz/f0S (PQF) : : 

r^ff. ^i^x M^, «r pol^s bttgln CFF^ : 

Sin./ub/Me's diSance (FO). 

By Cafe lo. V ^ 

Cor. 2. For fiiuyttg ^e fttk's hei^f* 
As Ctf/ fuhftik's diftanet (FO) i ; - 

Of. latitude {PO) I : 
Radius : - 

Co/, fiile's height (PF). . . 
By Cafe 6. 
Or i?fli»«j: ■ ' 

&•». /a^i&'i difianee (FO) : .: 
y^Mf. riclination {POP) : 

By Cafe 7. 

Cor. 3. For the plane's ^fF. longicude. 
As Radius : 

C(?/tf». latitude {?0) : : 
Tan. height of ^bepcle ahwe tbifiane^S) : 
, C^/; plane's dif. longitude (FPO). - 
By Cale 4. 

Or C^/ Pole's height above the plane (PF) : 
Cof. reclination (20F) : : 
Radius : 
' Sin. plane's dif. lof^lude (FPOX 
By Cafe 11. 

Or Sin. latitude (OP) : . 
Radius ! : 

Sin. fubjlile's diftance (FO) ! 
Sin. plane's diff. longitude (FPO). 
By Cafe 5. 

PROP. 
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Pig, 

PROP. XXih Phh: 

To find the re^iiifties fcr fouib decUmng reiUmng 
dials. 

Here muft be given the latitiidt t/^ rife |>lafce, 
and the declination and recIihatio\i'6f the plane ; 
and from thcfe muft be computed^ I-. Thi height 
of the meridian. 2. The heij|Kt 6f tfi>e pole 
^vtthe plane. 3. The diftance of tfie fbbffflfe 
from the hour line of 12. And 4; .The plitad^s 
diflFerence of longitude. 

Let WPASH reprefent the fpherci G its cciitict, 7. 
WNES the horizon, NS the meridian, WQE the 
equinoftial, P the pole, Z the zenith,. and HM A 
the plane of the dial. Draw the n*eridi*n PFi 
^perpendicular to the circle HB A ; then the plane 
of this meridian will be perpendicular to the plane 
of the dial, ^nd therdfore PF will be the ineridian 
of the plane, and the angle MPF die (Dane's dif- 
ference of longitude, and PF the Jieighttrf iJfe 
pole a'bove the plane, and MF the fubftile's dif- ^ 
tance from 12, and MA the heiglit" of the meri- 
dian.. Therefore all the requifites will be found in 
the; triangles NAM and PMF, right angled at N 
and F. Therefore in the triangle NAM, there is 
given N A the complement of the declination AE, 
and angle NAM the complement of the reclihft- 
tion MAZ -, ,to find AM, NM, and angle NMA. 
And the latitude NP being given, PM Will'b* 
known. Then in the triarrgle MPFj there is gi- 
ven PM, and the angle PMF, to find MF, PF, 
and angle MPF, as required. 

Cor. I . Sin. reclinatidn : 
Radius : : 
Cofdn. declination : 

Tan, heigh i of the fneridtiin. 

For 
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Fig; For (by Cafe 9, right angled fpherical triangies)^ 

y^ cof. MAN : rad : : tan. N A : tan. AM = angle 

ACM at the center of the Iphere, or of the dial, 

ipontained between the horizontal line C A9 and the 

meridian CM or 1 2 a clock. ; , 

' Con 2. Radius i 

Cof. declination : t 

Cof an. redination : 

^an. of an arcb A. 
g^en put B = difference between A and the latitude i 
If A is Ufs^ your pole is elevated -, if greater^ the op^ 
pojite pole. 

. ; .Then Cotangent of B i 

Cof redination : : ' 

Sin. declination : . . » 

S'an. fubflil^s di fiance from 1 2* Jnd tbefubftik 
runs upwards towards the north in reclining S.plana^ 
'.and their oppojite incliners. 

For in the triangle NAM (bjr Cafe 7)^ rad : 
-S.NA : : tan. NAM : tan, NM == A ; then NM -*- 
'NP = PM = B- Alfo (by Cafe 8), rad : S-NAM 

: : cof. NA : cof. NMA = S^NAM x cof. NA^ 

rad 
And in the triiflgle MFP, fby Cafe t), cot. PM : rad 

: : rad:t^n.PM :.: cof.NMA ( - S.NAMxcofNA^ 

^ rad ^ 

' : tan. MF = S.NAM x cof N A ^ ^ ^^ i^^F, 

cotap. MP 
at the center, and in the plane of the dial. 

Cor. 3. Cof fubjiile*s difiance : 
CofB:: 
Radius : ' 

Cof fillers height. 
For (by Cafe 6;, cof MF : cof MP (B) : * rad ! 
cof PF ::!: angle PCF at the center of the dial, CF' 
being in its plane,, is the fubftile. 

* Con 



Seft. I. DIALLING. 33 

Con 4.' Sine cf E: Fig* 

* Radius : ; ' ■■•^ 7. 

5i». fubftikU diftante : 
&V. planers diff, longitude. 
For <by Cafe. 5), S.PM (B) : rad : : S.MF : 
S.MPF =: arjgle on the fphere, between riie meri- 
dian of the plane, and the meridian of the place. 

Cor. 5. For the hour angles it will be 

As Radius : / 

Sin. foU^s height above the plane : : . 

Tan. hour arch from the meridian of the plane : 

Tan. hour angle from thefubftile. 
For drawing any hour circle P^^, interfering 
the circle HM A in ^. Then there will be given 
the angle FP<?, contained between the meridian of 
the plane PF I, and the jmeridian ^03. Therefore 
in the right angled triangle PF^, there is given 
PF the height of the pole above the plane, and 
angle FPt?, to find Fo by cafe 7. Rad ': S.PF : : 
tan. FP^ : tan. F^ = angle FC^, at the center of 
the dial, made between the fubflile ZF, and the 
hour line Qo cprrefpondi^ig to the hour circle P^. 

Con 6. The height of the meridian is equal to the 
angle made at the center of the dial^ by the 1 2 0* clock 
linCy and the horizontal line ; and fhews how much 
the 1 2 o'* clock line is elevated above the horizon j and 
it runs upwards in reclining planes^ and downwards in 
proclining oneSy towards the fame hand as the declina- 
tion is. 

For MA is the mcafure' of the angle MCA con- 
tained between the 12 o'clock hour line MC, and 
the horizontal line CA ; l/eing in the plane of thfi 
dial ACHM ; and the angular point at C, the cen- 
ter (^f the dial. 

For the fame reafon MF, or the angle MCF, 
ijxews what angle the 12 o'clock line IVIC makes 

D with 
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Fig. with the fubftiie CF, at the center C j the triaagle 
7. MCF being in the plane of the dial. And like- 
wife F^ or angle FC^ (hews thf angle contained 
between the fubftiie FC and the hour line F^ ; the 
triangle FCo being alfo in the plain of the dial ^ 
and fo of others. 

Here the plane of the 6iai ABH falls between 
the zenith and the pole, but if it pafs between the 
pole and the horizon, the calculation will be the 
fame ; and then the pole P will be elevated on the 
other fide of the plane. But if the dial plane 
pafs thro' the pole, then B will be o ; and MF» 
PF, are o. Hence 

Cor. y. If A (NM) is greater than the latitude 
(NP), the pole is deprejfed below the plane^ and the ap^ 
poftte pole elevated above it. If A is lefs than the 
latitude^ the pole is elevated above it. If they be 
equals the pole falls in the plane of the diali ami then 
MF, PF, are nothing. 

For when A =: iatitude» B = o. 

Cor. 8. When the reclining plane falls in the pole ; 
then to find the planers difference of longitude ^ it will 

As radius : 
X Sin. latitude : : 

Tan. declination : 

Tan. planers dif. longitude. 
For when M approaches near to P, the triangle 
MPF will be a plane triangle, and the angle MPF 
(the plane's dif. longitnde) will be the complement 
of PMF or NMA, that is, when M falls upon P^ 
<the plane's dif. longitude will be the complement 
of NPA. Therefore in the triangle NPA, there 
are given NP the latitude, and NA the ?omp. de- 
clination, to find the angle NPA (by Cafe 13), 
S.NP : rad : : tan. NA' : tan. NPA : : cotan. NPA : 
cotan. NA. 

Other- 
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Otberwife thus. Pig. 

Radius : ' , ' >;• 

5. declination : : 
O/ reclination : 
5. plane's dif. longitude. 
For (by Cafe 8), rad : S.NAP : : cqf. NA : cqC 
NPA. ' And other proportion's may cafily be ^lind 
to do the fame thing, as this lyhich fpHows'. 

Cof. latitude {NPy '. 

S. redination {cof. NAP) : : 

Radius : ■ 

Cof. dif. longitude (S.NPA). , 

Cor. g. ^be fame rules ferve equally for an inclining 
plane J ufing the proclination injiead of the reclinalion \ 
but here A will always be greater than 90 de^ees % 
and the oppoftte pole always elevated above your plane. 

For then the point M falls between Z and S» 

^CHO^IUM. 

From the feme two triangles NAM, and PMF, 
other rules for finding the requifites nd^y be Redu- 
ced \ fuch are the following. 

In Con 2. For the fubf^^eVdiftancc, 
As Radius : 

Cof reclination (S.NAM) : 
Sin. declination (cof. NA^ : : 
Cof an angle M (^NMAj. 
Then Radius : 

Cof M rPMF; : : 
^an. B (?U) : 
Tan. fubfiile's diftance CMF). 
By Cafe I. 

Or Cof pol^s height above the plane (PFj : 
' .- Cof B (?U) :: 
Radius : 

Cof fubftile's diftance (MFj, 
By Gafe 2. * 

D 2 Or 
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ig. Or Radius : . 

y. Coian. M f PMF) : : 

^an. pole's height abovt the plane CPF) : 

Sin.fuhJiil^sdiJtance(MSy 
By Cafe lo, 

Or Cotan. declination {tan. NA) : 

"tan. pole's height above the plane (PF) : : 

Sine of A (^NM) : 

Sin. fubftile's difiance (MF).. 

This appears from Cor. i. Prop. ij. Scft. III. 
Trigonometry. 

' .. In Cor. 3. for the angle of the ftik's Jieight. 

Jis Radius : 

Sine of B (PM) : : 
Sine of M (PMF) : 
■ Sin. ftU^s height above the plane (PF). 
By Cafe 2. 

Or Cof. JubftiWi difiance (MF) : 
Radius : : 
Cejine of B (PM) : 
Cof. file's height (PF). 
By cafe 6. 

Or Radius : 

Tangent of M (PMF) : : 
Sin. fubmie's diftance (MF; : 
Tan. ftiWs height (PF). 
^^ Cafe 7. 

Of Sine of A fNM) : 

Sin. fuhf tile's diftance. (MF) : : 
Cotan. declination (tan. NA) : 
. Tan. ftile's height (PF). 

* ^ 

By Cor. i. Prop. 27. Se&. III. Trigonotnetry. 

Or Sin. height of the meridian (MA) : 
Sine of B (PM) : ; 

C0S, 
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Cof. iecUmtioH (S.NA) i * Fig. 

Sin.ftik's height (P'P), 7 

By Cw. I. Prop. 26. Sc6t. III. Trigonometry. 

In Cor. 4. For the~ plane's dif. longitude. 

As Radius : . 
• Cqfitu of B (PM) : : ' 

Tangent of M (PMF) :. 
Cotan. plane's &f, longitude (MPF). 
By Cafe 3. 

Or Radius : 

Cctau. B CPM) : : 

Tan. pole's height a^ove the plane (PF) : 

Cof plane's dtf. longitude (fMPF). 

By Cafe 4. , • 

Or Cof, ftile's height (PF; r 
Cof M CPMF) : : 
Radius : ^ • 

Sin. plane's dif. longitude (MPF). 
By Cafe 11. 

Or Cof poUs height above the plant (PF) : 
Sin. declination {cof NA) : : 
Cof reclination (S.NAM) : 
Sin. planes dif. longitude (MPF). 
For (by Cafe 8), rad : cof. NA : S.NAM : cof. 
^^^ _ cof.NAxS.NAM^ ^j ^^ ^ ^^^ p^, ^ . 

r 

S.MPF : cof. PMF or NMA = cof. PFxS.MPF^^ 

r 
therefore cof. N A X S.NAM =: cof. PF x S.MPF. 
It may be obferved, that inftead of the two tri- 
angles NAM, and MBF, the two triangles BZM 
and MBF may be made ufe of; the triangle BZM 
being compiemental to the triangle NAM; from 
which two triangles the very fame conclufions will 
follow as before^ 

D 3 P R.O P. 
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Fig. 

PROP. XXIII. Proh. , 

To find the reqm/itesfor a north deciiningt reclining 
dial: 

Here alfo the latitude of the placei and the de- 
clination and reclination of the plane muft be gi- 
ven; to find, I. the height of the meridian, 2. 
The height of the pole above the plane. 3. The 
diftance of the fubftile from the hour line of 12. 
4. The plane's difference of longitude, as before. 
9' As in the laft Prob. Let WNES be the horizon, 
NS the meridian, P the pole, Z the zenith, and 
HMA the plane of the dial, and PF an hour cir- 
cle perpendicular to it, which will be the meridian 
of the plane. Let ZB be alfo perpendicular ^to 
HB A. . Then all the requifites will be found in 
the rignt angled triangles ZBM a;nd PFM. There- 
fore, 

In the triangle BMZ, there is . given the ailgle 
MZB the declination equal to EZA, and ZB the 
reclination of the plane ; to find BM, ZM, and 
angle ZMB ; and having ZP the complement of 
the latitude, PM will be = PZ + ZM. Then in 
the triangle MPF, there is given PM and angle 
PMF i to find the fubftiie's diftance MF, the 
ftile's height PF, and plane's dif longitude MPF 
or MP/. 

Cor. I. Sin. reclination : 

Radius : : 

Cotan. declinationi 

Tan. height of the meridian^ running up* 
wardsy i(m>ards the fame hand as the declination. But 
to Jbe contrary hand^ in procliners. 

iFor (by Cafe 7), rad : S.ZB : : tan. MZB : tan. 
BM : : cot. BM : cot. MZB. And here HM being 

the 
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the height of the meridian, lies now towards the Fig. 
weft ; which was towards the eaft, when the recli- g, 
nation of the plane was northward. 

Cor. a. Radius : 

Cof. declination : : / 

Cotan. reclination : 

Cotan. of an arch A. 

Then put B =1 A + compkment of the latitude. 

jlnd the north pole is alw^s elevated in recliners. 

Then Cotan B : 

Cof reclination : : 

Sin. declination : 

Tan^fubjtile^s difiance fi'om i2 ; mhich will 

he greater than 90% when B (PM) is greater than 

90°. 

For in the triangle ZMB (by Gafe 9), cof. BZM ' 

: rad : : tan. ZB : tan. ZM (A) : : cot. ZM : cot. ZB, 

And in the triangle NAM (by Cafe 8), rad : 

S.NAM : : cof. NA : cof. NMA or PM/ = 

S.NAM X cof. NA a j : *u -. • 1 T>\/f/-/u 
j^ . And m the triangle PM/ (by 

Cafe i), rad : cof. PMF : : tan. B : tan. FM. Or 

cotan. B ; rad : r cof. PMF (S.NAM x cof. NA s . 

V rad / 

tan. FM or /M =: tan. fubftile's diftance. 

Cor. 3. Coffuifiil^s diftance : 
Cof. arch B : : 
Radius : 

Cof. ftile^s height. And if B is greater 
than 90% the fine's height is greater than 90*^ ; or it 
will appear elevated ^ towards the north part of the 
plane. 

For in the triangle MP/ (by Cafe 6), cof. MF : 
cof. MP (B; ; : rad : cof. FP or /P. 

D 4 Cor. 
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Fig. Cor. 4. Sine efE: 
Q. Radius : : 

Sin. fuhjUies difiance : 
Sin. plants dif. longitude. 
For in the triangle MP/ (by Cafe 5), S.PM (B) : 
radius : : S.MF : S.MPF or MP/ the dif. longitude, 
or the angle on the globe between the meridian of 
the place and that of the plane. 

Cor. 5. Radius : 

Sin. pole's height above the plane : : 
Tan. hour arch from merid. of the plane : 
Tan. hour angle from thefubjtile. 

This is demonftrated as in Cor. 5. Prop. XXII. 

Cor. 6. IFhen A is equal to the latitude^ then B it 
equal to go degrees ; and the fubJiile*S: dijianee^ and alfo 
the planers difference of longitude^ are each 90 degrees. 

For ("by Cor. 2), cotan. B (o) : cof. reclination : : 
fin. declination : infinity = tan. fubft. diftance 
= 90^ And (Cor. 4.) S,B (rad : radius : : S.fubft. 
diftance (90) : S.plane's dif. longitude = radius, 
the fine of 90. 

Cor. 7. The requifttes may alfo he found hy theana* 
logies laid down in the Schol. of the loft Prop, firft find- 
ing A and B by this Prop. 

Cor. 8. When A rr the latitude^ then the f tilers 
height will be equal to the angle ZMB, and therefore 
Radius : 

Sin. declination : : 
Cof. reclination : 

Cof file's height. 

For when ZM rz latitude, M falls upon Q, 
the intcrfedion of the equinoftial and meridian, 
and then PM^i^gro* = oppofite angle PFM. There- 
fore the fide PF (or ftile's htight) iz its eppofite 
angle PMF. Therefore in th§ triangle ZMB, to 

find 
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find tbe angle M (by Cafe 8), rad : S.MZB : : coHFtg. 
ZB : cof. angle M = PF. j. 

Or thus. 

Sin. latiiude : 
Radius : : 
Sin. reclinatitm : 
Sin.* ftil^s height. 
For (by Cafe 5), S,ZM ! rad : : S.ZB : S.ZMB 
= Siftilc's height PF. 

Of thus^ 

Radius : 
Cvf. latitude : : 
Tan. declination : 

Cotan. ftil^s height, , 

For (by Cafe 3 ), rad : coC ZM : : tan. MZB : 
cot. ZMB or PMF = PF. 

Cor, 9. In all thefe dials, the fuhftile lies to the 
contrary fide in regard to the declination. Or the 
fubftile lies always northward {in north latitude) from 
tbe upper fart of the 12 o\lotk line. 

For the ftilc is a line fixt in pofition, and there- 
fore a moveable plane being niade to decline, to 
cither hand, the fubftUe (which is perpendicular 
tinder the ftile) muft needs lie to the other hand. 
And fo the fubftile lies northward from the upper 
part of the meridian, or fouth ward from the lower 
part. 

Cor. 10. The fame rules that ferve for finding the 
requijites in a reclining fouth plane^ will ferve equally 
for finding the requifites in its oppofite n^rth incUner nr 
procliner's and lie on the fame hand, if you face tbe 
plane. But the contrary pole will he elevated. 

For by Prop. VII. The fame hours belong to * 
both (ides of the plane ; and therefore the fame 
requilites -, fmce the inclination of the plane to 

the 
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Fig. the horizon continues the fame, and likcwife the 
g, declination ; only in one, they lie caft, in the odicr 
weft. 

Cor. II. Heme alfo the fame re^Jtes and the 
fame hours belong equally to two dials^ that ba^e equal 
declinations^ one eafiward^ the other weftward \ the 
inclination J if any^ remaining the fame. But then 
they all lie towards contrary hands. 

For as there are the fame data in both, the quan- 
tity of thefe requifites, and of the hour angles, muft 
needs remain the fame ; and dilBTer only in quality, 
or in their pofition towards the right and lett. 

PROP. XXIV. 

- In any dial whatever^ if a line be drawn parallel to 
any hour line^ to interfsSl the other hour linesy and note 
the fxth hour line from thii. Then any two hour 
lines on eachjide this fix thy which are equidiftant in 
hours J will alfo be equidiftant along this parallel line* 

• 

II. Let the plane CGLH be perpendicular to the 
earth's axis paffing thro* C, C A any hour line, and 
CD another at fix hours diftance. Then fince in 
this cafe, all the hour angles about C, as BCD„ 
pCF, are equal j therefore ACD being fix hours, 
is a right angle. 

Now fuppofe GabdfE is any other plane, pafling 
alfo through GCH, cutting the planes of thefe 
hour circles, in the lines Ca^ C*, C^, C/; which 
will be the correfpondent hour lines in that plane. 
Alfo kt the plane BbfF be parallel to the plane of 
the hour circle CAa^ and therefore perpendicular 
to the plane GLH, cutting the former plane GabdfE 
ijf\ the line ^E, and the plaiies of the hour circles, 
in the lines Bb^ D^, F/; which confequcntly will 
bft perpendicular to the plane GLH, and therefore 

' . . parallel 
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para&el t6 bile another. Alfa *3E is parallel to C^^ Fig.^ 
by Prop. 1 1. Ek V. Geometry. i k 

Now fince CD is perpendicular to BF, and the 
angles BCD, DCB*, eqwl j therelbm BD zr DF. 
Whence in the triangle B^E, fince B^, Vdi Vf arci 
parallels, and BD rr DF, therefore bd z= df. That 
is, in any dial plane CaidfE^ if the line HE be 
drawn parallel to Ctf, to cut the hour line C^, fix 
hours rrom it, and feveral more C^, C/, on each 
fide ; then thofe that are equidiftant on each fide in; 
hours, are alfo equidiftant, in the line idE^ fet con- 
trary ways from Cd. 

« 

Con From hence you have a method of drawit^ ail 
the hour lines in tbf dialy if you have f even of them 
drawn. 

As fuppofe you have the hour lines C8, C9, 12. 
Cio, Cii, C12, Ci, and C2, drawn; and you 
want Xi^ draw Cy, C6, C5, C4. To the hour line 
C2 draw the parallel kq^^ cutting the given hour 
lines in d^ hj 0^ p, q. From d in the hour 
line C8 (which is fix hours from C2 ;) make 
4^ zz db^ dg zz do^ db zz dpy and dk zz: dq\ and 
thro*/>|'> ^> *> draw the hour lines C7, C6, C5, 
C4. 

Or if you want the hour lines on the right hand^ 
it is but drawing a parallel to Ci, or C8, and pro-* 
ceeding as before, 

Alfo in ^ny inclining or declining dial, when 
half the hour lines are drawn, the other half may 
be drawn, by drawing a parallel to the fixth hour 
line, to cut the reft ; and transferring the diftan- 
ces of thefe hour lines, to the oppofite fide of the 
laft hour line ; which parallel ferves for a line of 
contingence. 

Having now fiiewn how the requifites are found 
in all forts of dials, from the rules of fpherical trigo* 
nomctryi on which they depend; I ftiall now refolvc 

fome 
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Fig. fbme problems relating to the time of the fun's 
rz. fhining on thefe dial planes^ which iikcwife depend 
on fpherical trigonometry. 

In the foregoing problems, I have all along fup- 
pofed the 4^z\ was . to be drawn upon its parallel 
* great circle,' inftead of the plane of the: dial ; fince 
It is the fame thing, by Cor. 3. Prop. L For by 
reafon of the immenfe diftance of the fan, and the 
parallelifm pf its rays^ the motion of the fliadow^ 
of the ftile among the hour lines, mufk be the very 
fame in both. In what foUpws I {hall alfo ufe the 
parallel great circle inftead' of the dial plane; for 
the fun will be in the plane of boph, at the fame 
inftan^ ; and therefore will begin to Ihine on both, 
or leave ihinbg on both, at the fame moment of 
time. 

PROP. XXV. Prab. 

A dire£i north reclining dial plam hehtg given 5 te^ 
find the time of the year^ when the fun wiil totally 
leave one fide of theplane^ andfbine upon the other. ' 

10. The fun is- in the plane of any great circle, at 
the points.where his parallel of declination cuts that 
great circle, and therefore the time muft be calcu- 
lated when he is in thefe points. And at that time 
he is going off one fide of the plane to go upon 
the other fide. But when he wholly goes off one 
fide of a plane, the fun*s parallel muft touch the 
other fide of the plane, in the meridian ; if the 
plane is direft north or fomh. » 

- Let HZO be the meridian, EQ^the equinoftial^ 
•2 the zenith, P the pole. Take the difference 
between the latitude of the place, and the rcclina- 
tion of the plane ; and that will be the latitude of 
the^ place where the dial plane is perpendicular to 
the" horizon. And this will- be north latitude,* wheA 
the latitude of the place is greater than the recli- 

nation \ 



* 
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nation % but fouth, if Icfs. And this new latitude Fig. 
of the plane wiH be the fun's declination, when i; lo. 
quite leaves the j^ane;. from whence the day of 
the year is known. 

For if Z A is the reclinationi then the plane will 
be vertical at A, therefore AC is the dial plane» 
and the fun's parallel AB touches it in A. There* 
fore whilil the fun advances from A towards P^ 
it will ihine altogether on the fide of the plane to- 
wards P, having guitc left the other fide. ' There- 
fore the fun's decimation EA will fliew the time of 
leaving the fide towards H. 

Examp. 

Suppofe a north flane leans foutbward 35 degrui^ in 
lai. 54i j to find the time of tbefun^s leaving thefimib 
fide. . 

Here ^5 fubtrafted from 54I: leaves ipf for the 
(bn's declination E A ; and this anfwers to May 1 8^ 
when it ^uite leaves the fouth fide going northward. 
Alfo in Its return towards the fouth, on July 26, 
it begins again to fhine on the fouth fide, leaving 
the fame declination as before. 

Con I. Hence if the difference between the latitude 
of the place and the reclination of the plane ^ exceeds 
the fwis greateft declination \ the fun foines on both 
fides of tbeplaney tillb$ pqffes the equator \ and then 
befhines only ^n that Jide next the equator. 

For then the plane AC will be interfcdtedby 
every parallel of declination ; till he come to the 
equino£tial» But beyond the equino&ial, |;he in- 
terfeftion is below the horizon, when the fiin fliines 
not. So when the fun is between E and H, he 
fliines only on the fide AC towards E. 

Cor. 2. ff^en the latitude is equal to the reclina- 
fionj the fun fhine s half a year on one Jidcy and half 
a year on the other Jide of the plane. 

For 
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Fig. For then A falls upon £^ ^nd the plane EC be* 
io» comes parallel to the circles of declination. 

r 

. Cor. j. When- the Jatitude of the f Idee is great^ 
than 23f degrees^, a direSfouth vertical or reclining 
dial plane^ has the fitn jhining on both fides of the 
flaniy every day^ wHlfi the ftin is in the northern 
fi^ns. But only on the fouth fide^ when in thefouth- 
emfigns. 

Cor. 4. When a north recUner^ reclines fo mucb^ 
as that the point A falls more than-zyi dfg. beyond E 
towards H \ all the phenomena will be contrary. 

Con 5. By the fame means, in any dial plane ^ how- 
ever Jituated, whether declining, incliningy 6ff. the 
ikne of the year may be found^ Vfhen the fim quite 
leaves one fide of the plane. 

For if AC be the dial plane, which will be a di- 
reifit fouth plane in fome longitude or other (by 
Pitop. XVI.) Then by hav^g the hdght of the 
pole abov« the plane, which is PA ; you will find 
its dlftance fr^m the equinoftial EA, by fubftrac* 
ting from 90, then will EA be the fun's declina- 
tion, when the fun leaves the^ fouth fide. And the 
fun*s declination 4)eing had, (h^ tixne is k^oj^n. 
And hence, 

Cor. 6. ^ke fun will always leave fhining upon^ one 
, fide of a plane, at the fame fime of the year, when 
the pole's height above the plane is the fame, let its 
pofttion, in other refpeHs, be what it wilL 

PROP. XXVL Prob. 

Having the fituation of any direSl fouth inclining 
dial plane-, to find the hour of the day, when the fun 
leaves the north fide, iofhine on the fouth fide of it. 

The height of the pole above the plane muft 
firft be found j for which add the proclination to 

the 
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the complettieot of the latitude, when It le^ns foiHth.Fig^ 
Then fay, 1 j. 

jis radius : 

Tan. fun's declination : : 

T4fn. height qf the pole obove the plane : 

Cof. hour angle at the poky from mon^ 
Then that angle reduced to timei (hews ho^ 
long before or after noon, the fun begins to fhine 
on the foutb fide. 

for let H AO be the meridian, EQ^ the equi- 
nodial, Z the zenith, P thP pole, AC the incli- 
ned dial plane, Pfisiw the fun*s paxaUcl of dedir 
nation RL, to interfeft the plane in S, and draw 
the hour circle SP. And when the fun is in S, it 
is juft goiifgoiBF the ndrtih fide upon the* foush fide 
of the plane. Therefore* in the rjghc aiigkd fphe- 
rical triangle APS, ic is (by Cafe 4), rad ; cotan. 
SP : : tan. AP :cof. angle APS ; which cor verted 
into time gives the hour before and after noon, 
when the £ui is in S. 

Cor. I. If the plane AC paffes thro^ the pie P, or 
the 6 o'clock hour circle^ The fun p^es fr^m the 
north ^de to tbefouthftde always at 6 o'clock. Jn4 
in the winter months ^ thefunfiines not af all on the 
porth^de. 

Cor. 2. If the plane fall below the pole^ or lyetb 
between CP and CO ; the fun goes off the north fide 
before the hour of fix in the morning j and goes on 
again after fix in the evening. 

Cor.' 3. If the plane fall in with the equator^ the 
funfhinei alt the day on one fide j being on thatfi.de tOf 
wards which the declination is. 

For if EC be the plane, it (hines on the north' 
fide only, when it has the north declination ER \ 
and on the fouth fide, when it has fouth declina- 
tion. 

Cor. 
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Fig. Cor. 4. In a north rediner^ where tbe.recUnation 
is greater than the latitude ; the fun never (bines on the 
/outbade in the fummer months. 

Cor. In all dial fltznis^ where the height of the po/e 
above the plane is the fame ; the fun goes of at the 
fame hour of the day^ reckoning time for eacb^ at th$ 
place where it is a dirfSlfdutb dial. t 

PROP. XXVIL ' Prob. 

^ofini the hour of the day when the fun leases one 
fide of a vertical declining plane^ to finne upon the 
other. 

To do this we mud firft find the time from noon^ 
, when the fun leaves one fide of a dired north or 
fouth plane, to iKioe on the other, by the laft Prop* 
And if the plane declines eaft; to die. time founds 
add the plane's diflf. longitude, in time, and the fum 
will be the diftance of time before noon, when the 
fun leaves the north fide. , But fubtraft the plane's 
dif. longitude from the time found, and you will 
have the time of leaving the fouth fide. But if 
jhe plane declines weft, the faid difference of time 
will ftiew the diftance of time before noon, when 
the fun begins to (hiqe on the fouth fide-; and the 
fum will fliew the time of leaving the fouth fide*- 

Examp.. 

^* Suppofe a plane declining eaff 25 deg. in lat. 54^. 
Habere the height of the pole PB above the. plane is 
31* 45'» tind the plane's dif longitude ZPB is 29 48- 
And the fun* s declination 18** north. 

As Radius •— — 10. 

Tan. fuffs declination ( i § ) 9.51177 

Tan. poVs height C31 45) 9.79156 

Cof hour angle nt the pole 78 24 ^V^IH 

Dif. 



r 
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Dif, longitude 29 48 ' Fig. 



r... i 



fum 108 12 

dif. 48 36 



I4« 



Then 1 08 12 reduced to time gives 7*" 13" be-^ 
fore noon -, that is, at 4** 47" in tne morning, or a 
little after fun rife^ when the fun comes upon the 
fouth fide. And 48''. 36' reduced to time is 
3^ 1 4" I and fo it goes off the fouth fide again, at 
near a quarter p^ft three* 

But if the plane had declined weft,' the fun 
would Have come ori, 3 14 before 12, that is, ftt 
8** 46" ; and gone off again at 7^ 13^. 

Olherwife thus. 

Let PB be the mefidian, P the pole, Z the ze- 
hith, and S^A the dial plane. Let SBA be the 
fan's parallel, and draw PI perpendicular to SA, 
Then A will be the place of the fun when it be- 
gins to (hide on tht {oiith. fide -of the plane, ^nd 
S his place when he goes off it. 

Then in the oblique fpherical triangle ZPA we 
have given, PA the complement of the fun's de- 
clination, PZ the complement of the latitude, and 
angle PZA the complement of the plane's decli- 
nation. Alfo in the triangle SPZ, the fame things 
are given, viz. SP, PZ, and SZP ; from hence to 
find the angles ZPA and ZPS, by Cafe 2, of ob^ 
lique triangles. 

Radius : < 10., 

S. latitude fcof PZ> 54^ 30' 9.91068 

Cot an. plane's declination {tan. PZA) 25^ i o. 3 3 1 5 3 

m> ' \ III 

Cotan. ZPI, 29 48 — . 10.24201 



E "Then 
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Then 

*4* ^an.lat. 54 30 {cot. ZP) — 10.14673 

J'an. fun^s declin. li?* {cot. PA) 9.5 1 1 77 

0/ ZFl, 29 48 — 9.93840 

C^. API »r SPI, 78 24 9-80344 

Then to API, 78 24. from SPI, 78 24 

add ZPI, 29 48. Ribc. ZPI, 29 48 



•••n(^»'«^"***«iw»^*i 



APZ = 108 12. SPZ = 48 36 
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which reduced to time^ ^ive the iame anfwer as 
before. 

PROP. XXVIII. Prob. 

^ofind the bawr of any day^ when the fungous off 
the fOffiJiic of w e^ nctimng dial $lanc^ to JbiMt 
upon the w0 Jide. 

The day be^ig hs^di the iun^s declinadoQ is known ^ 
therefore, 

jb Radius \ 

Tan. furis declination : i 
Tan. foJt^s height above the plane : 
CoJ. hour angle from 12 at the pole^ wbieb will 
he greater than 90^, ^here thejutts declination is north. 
Then fubtraB the planers difference of longitude frmn 
this angky and the remaining m^le^ converted into 
^ timcy gives the hour after 12 at noon^ when the Jin 

leaves the eaft fide. 
t. For if HZO be the meridian, P the pole, Z the 
zenith, HFO the dial plane, PF an hour circle per- 
pendicular- to HFO. Then the planers dif. longi- 
tude is RPZ equal to OFF, whigh is Jlie dif. lon- 
gitude from Z. But the hour angle found before, 
is the time of the fun's going off the plane HFO^ 
efter the noon at the other place^ that is, after that 

hour 
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hcAir in the mornins &at correfponds to t^at tKf.Fi^. 
loAgitude, Therefore fub'traftthg tKe ^iff. longi- -S. 
tude RPZ from the how angle ^dund before j the 
refhainde'r reduced to time, Ihews how long after 
12 a clock the fun goes off tlie |^kne. 

Aitd if it be a weft reclining pldne^ then 'the time 
ieft found willjbew^ hew long before 12 the fun comes 
upon the wiftjUde^ or leoFoes the eaftjide. 

Example. 

Aneaft plane reclines 35 degrees^ in lat 51^. The 
pole's height, aBove the :planej 26 41% the fun* s decli- 
natien^ 234- north j and the plants diff. longitude^ 

66 ^7. 

Ilddius — -• IX). 

Tan. fun^s decL 23f . 9*63836 
Tan. pole's height ^ 26 41 9* 701 20 



-LL 



Cof hour angle^ tot 38. i9*3S95^ 

hen itojox icn gS 
fubt. 66 27 



■i 



rem. 36 it = 2 hours 24min. kfcer 12^ 

when the fiin goes off the jplane. 

Otimvife thus. 
Let NB be thfe ttibridiah, X the north point of 15. 
the meridian, P the pole, BSA the fun^s parallel 
f6r that d^y. Then in tW oblique fpherical trian- 
gle NPS •, there are given NP the latitude, PS tKe 
cbtttpleineht of the fuii's d'edination, and the angle 
PKS thfe retlihation of the plane ; to find the aq^ 
gift NPS xA EPS, by Cafe 2. Let PI be perpcndi- 
'cdlat to i^S. Then 

Radius — - 10. 

Cof. latitude (H?) gii: 9.794T4 

Tan. reclination (PNS) 35 9-84523 

Cotan. NPI, 66 27 ^9.6:^0 37 

E 2 /" Then 
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Fig. Then Cotan. latitude (NPJ 5 if 9.90060 

15. Cof. NPI, 66 27 — 9 60157 

Tan. fun^s decL (cotan. SP) 23 ^ 9.63830 

Cof. SPI, 77 22 '9-23987 

addNPI, 66 28 9-33927 

hi I ■ ■■ 

143 50, which taken from i8o» . 
leaves BPS =36 10, which reduced to time is 
2** 24", as before, 

PROP. XXIX. Proh. 

To find when the fun goes off any eaji declining plane^ 
that paffes tbro^ the pole ; or comes upon a wtjk declin- 
ing one^ 

As fine of the latitude : 
\Radius : x 
I Cotan. planers declination : 

Tan. hour angle {from 12) at the pole. 

This converted into time gives the hour after 12, 
. vrhen the fun goes off an eaft declining plane. And 
fo many hours before 1 2 it comes upon a weft de- 
clining plane, pafling thro* the poles. 
16. For let NB be the meridian, P the Pole, Z the 
zenith, APD the declining plane, which is Ibmc 
hour circle, LS the fun's parallel, S his place when 
he goes off the plane. Then in the right angled 
' fpherical triangle PNA, we have given PN the la- 
titude, NA the complement of the declination -, 
•to find the angle NPA, by Cafe 13, S.NP • Ra- 
dius : : Tan. NA : Tan. NPA or DPB, the hour 
*angle after 12, that the fun at S goes off the eaft 
fide. 



Exatnp. 
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Examp. Fig. 

Let the plane deeUne 65 degrees^ in lat. 54t. * ^* 
S. laiiiude 54i: 9.91068 

Radius — 10. 

Coian. declin. 6$ 9.66867 

^an. hour angle^ 29 48 9'*75799 



And 29 48 reduced to time, is 1** 50"*, when the 
fun goes off the eajft fide upon the weit fide. And 
if it was a weft declining plane^ the fun would 
come on at IQ** '!"• 

PROP. XXX. Prob. 

■ 

• Having given a fouib reclining dial plane^ declining . 
eaft or wefi ^ to find the hour of a given day^ when 
tie fun comes en or goes off thefoutbjide. 

. •• • ' 

, Find firft the height of the pole above the plane, 
and the plane's difference of longitude, by Prop. 
XXII. Then by Prop. XXVI, find the hour angle, 
as if it was a dired fouth plane ; to this add the ' 
plane's, dif* longitude, and it gives the hour angle 
fcom nopn, • when the fun comes upon it ; and from 
the hour angle fubtraft the plane's difF. longitude, 
for the hour angle of going ofi: This is for an 
C4ft decliner. And do the contrary for a weft de- ' 
cliner. . 

Example. 

Let the latitude be iji-J:, the declination 33* eajiy 
and reclination 55. tVhence the height of the pole is 
19 2^^ and kngitude,of the plane 17 42 ^ and the 
fun^s declination z^j;. 
Then Radius — 10. 

Tan. fun's declin. 2 3 1- 9.63830 

Tan. pole's height^ 19 25 9.54 713 

Ccf hour nngle^ gS 49*, 9-18543 

* li 3 being 
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Fig. being greater than a right angle, when the plane 
"^ ^Us belqw the pole. 

Then hour apglc 9& 49 
dtfF. longitude 17 42^ 

fum ii6 31 = 7'' 469* 

dig; 81 7 = 5*^ 25". 

So that the fun comes^ upon plane 7'*' 46" before 
12,, and leaves it. at 5^ 25". But. in a wejft; dc- 
cHner it comes on, 5** 25* before 12, and goes 
ofF at y^ 4.6". 
17. For let NPB be the meridian, P the pole, Z the 
zenith, AMD the dial plane, SLj the fun's parallel. 
Draw the hour circle FPI^ perpendicular to the 
circle AFD. Then the fun comes upon the fouth 
fide of the plane at j, and goes off at S.. Draw the 
meridians PS, Ps. Then fince the m^ri^ian PF is 
perpendicular to the plgn?., PF is, thjs height of 
the pole, and MPF or ZPL is the plane's diff; 
longitude. But in the right angled triangle FPS, 
there is given FP the pok's height, and PS the 
complement of the fun's declination ; therefore by 
Cafe 4. rad : cot^n.^ PS : : tan. PF : cofuiv SPF or 
iPF, lefs than a right angle; therefote SPL is 
greater than a right angle. Whence sVL + LPZ 
= sPZ the angle before noon ; and SPL -« LPZ 
::f SPZ the angle ^ter noon. Thcfe angles re* 
dpced to time, fliew when, the fun. comes upon the 
plane at s^ and when he goes off it at S. 

PROP- XX;XL JPrch. 

Having a north rulining^ dial plane^ declining tafi 
er weft i to jindtbt baur. cf q^ day^ when the fun 
goes upon the north Jide* 

Findf iJiP' pplje's lieight above the plane, and the 
plane's, difference of longitude. Then find the 
bow apglc (Igr Prop, XXVI,) as if it wa« a di- 
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re& fouth pkne. Th^ the di^erence of the hour Fig. 
aflgle and plaoe's longitude, reduced to fiime, fhews ^ ^* 
the diftance of time from noon^wheiv the fun comes 
upon the north fide of the weft decliner ; which is 
before noon, when the plane's longitux}e is bigger, 
otherwife after noon. Kut in an eaff decliner, that 
(fiftaiice of jttme muft be taken after noon^ wbeq the 
plane's longitude is greater, otherwife before noon; 
and ihews when the fua comes upoa the ibuth fide 
of it. 

Suppjk ih latUude 514. Fol^s. height 54. 45. 

Planers dif. longitude 121 15. Suifs declination fauih 

J5**; the plane deelinit^ taefi. 

Tbeny Radins — la. 

Tan. fun^s decL 1$ 9.428^5 

Tan. pole's height J 54 45 10.15074 

" _ _ HJ III I ■ I ■■ l _ ■ ■ 

Cof. hour angle iiz 17 9*57879 



■•— * 



from til 15 
take 112 17 

8 58 = 36 minucesv 
So the fun conrcs upon the north fide 36 minutes 
before noon. If the plane had declined eaft, it 
would go off 36 minutes after noon, and go upon 
the fouth iSde. 

Let NPB be the meridiam, P the pofe^ Z. the 
zenith, AMD the dial plane, SL the ma's parallel^ 
S the fun's place when in the plane. Draw the 
Urn's hour circles^ PS; and LPF, perpendicular 
to the dial plane AFS. Then PF is the pole's, 
height, and M'PF the ptefle's dif. longitude And 
in the right angted rri^ngte FPS, we have.FP, and 
PS, the fun's diffance f«Dm the pole 1 to find th& 
angle SPF (by Cjrfe 4); rad. : cotan. PS : : tan. 
Pt : cof; SPF, which will be greater than a right 

E 4 angle. 
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Fig anglc^ xvhcn PS is greater, and PF lefs, than a 
1 8. right angle. Then MPF •- SPF = MPS, which 

is before noon, as S is on the ealt fide of the meri- 

diam 

PROP. XXXn. Proh. 

To defcrihe tbi cojiftruHim^ nature^ and ufe of tbt 
common dialling fcales \ or of fucb lines and fcaks as 
are commonly made ufe cf^ in drawing dials. 

The lines on the conjmon dialling fcales are thefe, 

1. A fcale'or line. of hours ; marked bours on the 
fcde. 

2. A line of degrees anfweraWe to the hours, for 
it is ho moe than the hours in degrees. This is 
marked Inclin. M- or inclination of meridians. 

g. The next is tl^e line of latitudes, marked 
Lalit. And at the end of it, there is a fmall line of 
chords to 6o. 

4. Then there is a large line of cbords^ the whole 
length of the fcale. 

5 and 6. Thefe are the two polar lines, a greater 
and a lefs, and matked G. Pol. and L. Pol. Thele 
two lines n^ay be (:ontjnued ad infinitum. 

Ifbeir ConJlru5lion. 

jg. Draw the line GB, and on any. point C as ^ 
center, defcribc the circle ADB ; and draw CDl 

.perpendicular to it, to divide the femicirclc intp 
two quadrants Ap and DB. Then, 

J . Let the quadrant AD be divided into degrees., 
make AH z=. HD sr 45 degrees, and draw the ra- 
dius CH,' and GHI perpendicular to it. Then 
GH and HI are tangents at H, and GH, or HI 
zz radius CH. Thro* the points r, r^ r, &c. at 
'5^ 30, 45» &c. degrees, draw the lines Ci, C2, 

C3, C4, &c. tp cyt GI in I, 2, 3i 4^ ^^6. Then 
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CI is the line of hours. ; But if lines be drawn Fig, 
thro' Jv-fj -^5 &<^- ^t 10, 20, 30, &c, degrees, ip.. 
(and alfb^thro' the intermediate degrees), to cut the 
line GI ; and numbered 10, 20, 30, &c. then 
you have. the line, incil. fner^ br the fecond tine oA 
the fcale, which is only the firft line reduced to de- 
grees. ^. ; • \ • 

2/ Fortht line of latitudes.: Thro* j, j, j, &c. 
or the points of 10, io, 30, &c. degfees, draw 
parallels to AC, as sm^ sm^ &c. cutting CD ia 
m, m^ &c. Then thro' m^ m^ m^ &c, draw Am^ 
hm^ Am^^icc. cutting jhe quadrant BD in «, », 
», &:c. Draw BF parallel to CD ; and transfer 
the lengths B>i, B«, B;r, &c. vpon the line BF, 
^o 10, ,20,: 3a, &c. And-if the fame ie done with 
all the intermediate degrees, then BF will be a 
line of latitudes. And the whole-length of this 
line of latitudes, is equal to BD or AD the chord 

^f'99-: • . : 

J 3, The line G. Pol. and L. Pol. are no more 

than two lin^s of tangents, reduced to hour5. The 

f adius of the greater, is the radius of the fmall 

line of chords, at the end of the line of ladtudesi 

^nd this radiys is half AC. 

Con I. Put radius AC zz r, fm. latitude Cm zz j, 

2rs 
then the length on the line of latitude s zz . ^ 

/ Vrr + ss 

for that latitude. 

For draw B«. Then the triangles AC«, AB^r 

are fimllar;; whence Am (\/rr + w) : Qm{s) : • 
AB (2r) : B;? or B20 :;i 



s/rr + ss 

Cor. 2. If t zz tan. latitude ; then the length oh 

tU line of latitudes zz > ■— — ,./gr at^ latitude. 

VrT+ ztt . . 

For 



5^^* For Ac fecant (v^rr + ff) : tangent (/> : : radios 
^' (r) : the fine i =: / .. ^ =z C«. Aad A«^ = 

Ct/A(i^ + Cm* =) !:::;?±]5, whence 

Ai» ( — 7— r ) : Cfli { -7==V : : AB far) 

V r/* + 2// 

Cor. J. Ptf/ jp zzfine of the archy wbefe tangeni 
is tx/2 ; tbeny\/2 z=.lef^tbon the Unt^ Bk 

For y zz — - ^ zr fine of the arch whofc 
%/rr + lit 
tangent is /y<2. 

ne Ufe. 

jg^ To draw a dial by the fcale. Let C. be the cen^ 
' ter of the dial, draw the fubftite CD^ and AC1& 
perpendicular to it. Then haring die height of 
tJ%€ pole- above the plane, take it fiom the line of 
latitudes, and let it from' C to A and from C to Bl 
Then take the whole length -eS the line of hotirsv 
and fetting one foot of the compafles^ in A or B, 
with the other crofs the line CD m 0. Draw the 
lines AD and BD. Then get the feveral hour 
^ixrhes frcon the meridian of the plane, and count- 
ing them on the fcale of hours, fet therii from D 
towards A, and from D towiards fi,. in the lines 
DA, DB, And from C„ draw lines, thro* all thcfe 
points, for the hour lines, as Ci, Ca» Cj, C4, C5» 
and Cii, Cio, ep, C8, C7. - 

jQ^ The ufe of the two polar lines is only for draw- 
ing fuch dials as have no Q^iiters %. or where the dial 
plane goes thro' the polesu And the radius of each 
iff the lengdi of 3- hour^ evt t\^ fcale, ta be ufed. 
To fhew the truth of this^ operation, 

Bifcft 
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Bifea BD ift O4 then wili BO or OD = r^ andFig. 

Cnoc K> =; 2g, and GR p .i!l_, and€D= *'" 

V rr -t- « 

I ■! I till I iiip 2^r ' XXT1 JLJV^' S 

Now by conftrui9:4on PO isi a. fcak. of tangents o£ 
the. hpurt archLOs^; ai|d the njiioibfirs oa the line ac- 
pr;fs thefe hpur; arches. i3^o4 aa QD is the tangent 
of 45'' (or radiusj, an4.QA dm tangent of an other 
arch ; therefore AD is the difference of the tangents 
of thefe two arches ; whicb being known, the dif- 
ference of the a^chiSfi wi}} lie kOQ^^i and this is 
the hjQur arcb^ correfponding ta DA- For (by Cor* 

2. Prop. 9- S.L B.L TrigonQ ^^T^^ xr, or. 
^^ • DO + OA ' 

Bd X r = tan. this hour arch. But CD : CB : : 
BA 

r : J, and in; the- triangle CDB, CD : DB : :t : tanj ' 

CDB i therefore s = tan. CDB. Let fall AF per- 

pendiculiar to CD, Then in the triangles CFA and . 

DFA, ^ : AF : : cotan. FDA : DF : cotan. FCA : 

CF ; andi alternately, CF : DF : : cotaan. FCA :coC 

FDA : : tan. FDA : tan. FCA : : BA : DA, (be- 

caflfe DFA, DCB are fimilar triangles). Whence, 

tan, FCA x; i^r? Xtan. FDAj andr x ian, FCA 

B A 

S5 r X.^ = tgn. hour arch X s. Therefore t : 

BA 

^ : : tan. hour arch : tan. FCA the hour angles which; 

is, the fajne proportion, as in Cor. Prqp. XVUL 

and' therefore is truly found. 

If Ca be. an hour line> and Da greater than DQ ;, 

then Dtf is. the fum of the tangents OD* Oa % acrfi 

(by Cor. Prop. VIII. ib.) the tan. fum ofthe arches 

DO + O^ Da ^ , , 

?= , ^^ ^ ( r zz—^ r Z-' tan. hour arch, corrc- 

fponding 
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Fig. {ponding ta D^, on the line. Alfa tan* fCs = 

2Li. 5i^tan./Dj> and r X tzn.fCa =: £f xrx = tan. 

hour archx^. Whence as before, it will be, r : i : : 
tan. hour arch r tan. hour angle /C^. 

Alfo if A or i2 fall upon O, then r = tan. hour 
acrch, and tan. hour angle DCO z= x. 
- Laftly, if OA = Oa, then Btf = DA 5 and CA, 
Or will be hour lines, whole hour arches are cqui- 
«tiijbuu from CO,^ or the third hour. 

Scu Ot I UM. 

There jrre fcveraf other lines pur t?pon fcales for 
dxaWing, but are only particular, as being made for 
fome particular latitude only. Thefe lines are, i» 
A line of chords. 2. A line of the fubftile's diftance 
from the meridian. 3. A line- for the height of the 
ffilc above the plane. 4. A line of the angle of the 
bours of 12 and 6. 5. A line of the plane's difF. 
longitude, or inclination of meridians. AH thefe 
are calculated for, every degree of declination, by 
Prop. XX. for fome particular latitude^ as that of 
London ; and put on afcale together. AikI thus 
the feveral requifues for any declining dial are had 
hy infpedion. Its ufe is no more than this, count 
the plane's declination in the line of chords ;. and 
ar'Une drawn direftly crofs, will cut all the other 
lines in their proper points, which the numbers 
will ftutw^ and foL give all the requifites without 
calculation. And thefe requifites being had, the 
dial may be drawn by this Prop. 

When a fcale of this fort is not to be had, the 
requifites may be found by Gunter's fcale -, extend- 
ing upon the feveral lines, according to the feverail 
rules and proportions laid dov/n for that purpofe* 



SECT. 



r «i 3 Fig. 

SECT. 11. 

r r 

7X« PraSiical Part of Diallings or the 
Art of drawing Dials upon all forts 
of Planes. How to find the Situati^m 
of a Plane, ; and how to place any 
Dial truly. 



< ■<■ ■ 



PROS. 1. 

To find the mridiun line pf any plane. 

IF the plane be even, ereft a pin on it per pen- 22. 
dicular to the plane, but if not, procure a plain 
board GH of an equal thickncls,. and faften it to 
the plane ; upon which ereft an iron pin CF about 
the middle, neariy perpendicular, and of a pro- 
per length; and let it be (harp at the top ; then 
take a woodeta ruler, with a (harp iron pin in one 
end ; and lay the other end upon the (harp end of 
the iron pin F,* which is faft in the board -, then * 
cany the other end fteadily about ; the fmall pin 
in the ruler will defcribe a circle ADB, \ipon the 
board. Obfcrve two times in the day, when the 
fhadow of the top of the iron pin F, falls upon 
the circumference of the circle, and mark the two 
points as at A and B, . Biied the arch AB, in 
the point D ; and from D, draw a line D^ thro* 
the center of the circle, which is eafily found. 
Then DE is the meridian of the plane. 

Or you may defcribe a circle round the center C, 
and raife.thc pin CF upon that point C, to calt a 

(hadow ; 
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Fig. (hadow ; but then the pin CF muft be exaftly pen- 
22. pendicular to the plane at ^. 

If the day be cloudy, the fliadow may happen 
not to fall twice upon one circle ; therefore it may 
be pfoper to defctibe fevcral ckde^ th^t it may 
fall upon fome of thena twice, ikid if two points 
in fevcrai circles be frtaflrked, they ViH one torrea 
aiiother, und the <^eratton will be more elaA. 

To know whethet the pin is perpendicular ta 
, the plane or not ; fct onifc point of the tompaffes in 
fome point of the circle, and extend the other to 
the top of the pin F ; then if you fct it in any 
point of the circle, the fame extent will always 
reach' to the point F, when the pin is' truly per- 
pendicular. 

It is certain, when the fun does not charige his 
declinatkm, (as he docs fltot feiifibly in 1 2 hqurs), 
that he wiU have equal altitudes at equal diftances 
on each fide tht ittdridiAn^ Ahd therefore if Ct) be 
the meridian of the plane) the arches AD and fiD 
muft be equal. 

P R O B. IL 

To Jmd tke tncUnation tf atry plane io the i>m;&)k. 

jl^. Let ABC be the plane, a|>ply ont fide of a qui^ 
drant to the plane, fo that the plummet ttiaf faU 
exaftly on the other fide \ the firft fide ^iil bb b^- 
hzontal ; therefore draw it line DF alohg that fidl^, 
which will be the horizontal line of the plant?. If 
you cantiot apply a quadrant^ then ufe a carpen- 
ter's fquare or a level. To the lint EF, draw the 
perpendicular EL, which will be th^ vertical lf»e 
of the plane. To this vertical line EL^ ^Pply ** 
Itreight ruler EK \ and to the end K, beyond the 
plane, apply the quadrant GH, on the under fide j 
and obfcrve what number of degrees are cut toy 

the 
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the line and pluhimetat I, reckoaing irocn Ac m-FiQ, 
ler ; as GI, and that will be the Fcclioation of the ^ j. 
plane ; or its prociiaation, if it lean forward For 
inclinuig planes^ a quadrant may be applied di«- 
l«£tly, to the Tertical line. 

Or thus. 

Apply the £de of a fquare to the line EL on the 
planes and apply the fide of a quadrant to theo- 
fherfide as Kn; then fee what angle your4inie 
and plummet makes with the firft fid^ £K, as 
LKI, and that is the reclination or procljnation of 
the plane. If the line KI hang along the lin^e 
KH, then your plane is horizontals^ if along tlie 
fide KL, it is vertical. 

if by turning the rule and quadrant all manner 
of ways on the plane, the pcrp. line Kl always 
falls on the fide KH i then the plane is truly hori- 
zontal. And the like for the fquare and quadrant, 

P R O B. III. 
To find tbji declinaMn of ojfy plant. 

Place a board DM with one fide of it clofe to ^. 
the wall or plane EF^ and to lie with its upper fur- ^ 
face exaftly horizontal % there fix it. Upon this 
board, as it lies, find a meridian line MC (by Prob. 
I.), and draw a line on the board to reprefent it. 
Th^n lay a quadrant AMB flat upon the board, 
with one fide clofe to the plane, and fo, that the 
center C may be in ihe meridian line, and the bq- 
dy of the quadrant, to that hand where the acute 
angle lies. Then note the degrees of the quadrant, 
cut by the meridian line,, reckoning from the per- 
pendicular fide of the quadrant CB, then thar, 
viz. the angle MCB will be the declination. And 

the 
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yig. the declination will be to the. right hand, if the 
,24. quadrant lie to the left ; and the contrary. 

Jf you know when it is juft noon, yo« may get 
a meridian line thus^ hold up a plumb line, ib as 
the ftiadow of it may fall upon your plane •,. mark 
two points of the fhadow, and draw a line thro* 
them, and that (hall be the meridian line of the 
place. An'd if the plane be horizontal or direft 
north or fouth ^ it will be the meridian of the plane 
too. , » 

Otberwife thus* 

This may alfo be done by a conipafs and mag- 
netical needle. ^ This is fixt in a box, fquare on all 
fides ; and to ufe it, apply the north fide of the 
' box to a fouth wall or plane ; and the fouth fide 
to a north wall, fo as the box may lie horizontally. 
Then obferve how many degrees the needle is from 

* the flower-de-luce when it refts, (having due regard 
to the variation^ •, and fo much will the declination 
be. And if the needle points towards the right 
hand, the declination is to the right hand, and the 
contrary, in fouth planes. But in north planes, 
if the needle points toward the right hand, the de- 
clination is to the left, and the contrary. You muft 
mind that no iron be near the compafs. The va- 
riation is 1 7I deg. weft in England. 

Or thus. 

This method is aftronomical, and the moft ex- 
a6l ; but it is proper to have art affiftant ; for two 
obfervations are required to be made at the fame 

• time ;^ the firft to find the diftance of the fun's 
azimuth, from the vertical of the plane •, and the 
fecond, to find his altitude. 

For the firft, draw a horizontal line upon the 
plane, and apply one edge of a quadrant to it, fo 
as the limb of the quadrant be towards the fun ; 

and 



i* 
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and holding it horizontal, Itt an afTiltant hold up a Fig. 
thread and plummet in the fun, fo that the {hadow 
of the thread may pafs thro* the center of the qua- 
drant ; then obferve the degrees which the fhadow 
of the quadrant falls upon, counting them from the 
perpendicular fide, and you have the fun's aizimuth, 
m refped of the plane's vertical circle. 

Again to find his azimuth in refpeft of the me- 
ridian, his altitude muft immediately be taken ; 
and his declination being known, from the day of 
the month ; his azimuth will be found by Cafe 11, 
of oblique fpherical triangles. 

Thefe two azimuths bein^ had, it is eafy to 
know, whether the vertical of the plane lies to the 
eaft or weft of the meridian. For if the fun's azi- 
muth from the meridian be greater, the plane de- 
clines towards the fun ; but if lefs, it declines from 
the fun; that is, when both azimuths lye oneway. 
And then the declination is the difference of thefe 
azimuths. 

But if the azimuths lie contrary ways, the plane 
declines from the fun -, and the fum of thefe azi- 
muths is the declination. 

If you know the exadt time of noon, and hold 
up a line and plummet, before the quadrant at 
that time, you will have the plane's declination at 
once, by obferving the fliadow, which muft pafs 
thro' the center of the quadrant. 

If you obferve the fun's altitude, juft when he 
comes into that plane ; then the fun's azimuth be- 
ing found, gives you the pofition of that plane. 

If your plane be a coarfe wall, nail a long ruler 
to it, to which apply your inftruments. 
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Fig. 

P R O B. IV. 

To draw a dial geometrically upon arr^ plane. 

' Projcft the fphere by any method, upon that^ 
great circle of the fphere which is parallel to the 
dial plane ; and deUrribe the feveral hour circles, 
and note the places where they interfeft the primi- 
tive circle. Draw lines from the center thro* all 
thefe points of interfeftion, and they will be the 
hour lines for your dial. 
7. ' For let N WSE be that great circle, which will 
bifeft the globe, palling, thro* the center C. Let 
fig. 7. reprefent the globe ; P the pole ; then CP 
will be the earth's axis, elevated above the plane 
of the circle, the quantity of the angle or arch 
NP. Then fince the hour circles do all pafs thro* 
the axis PC, they all pafs thro* C, which is in the 
plane of that circle ; and the points of interfedion 
with the primitive, i, 2, 3, r, dyg^ &c. being alio 
in the plane of that circle ; therefore the hour cir- 
cles interfeft the primitive in lines which pafs thro* 
the center C, and thro* thefe feveral interfeftions. 
And fince the fhadow will be in any line of inter- 
fcftion, when the fun is in that hour circle 5 there- 
fore thefe lines of interfeftion will be the hour lines ; 
that is, lines drawn from C to i, 2, 3, &c. will be 
the feveral hour lines of the dial. 

As all the hour circles in the orthographic pro- 
je&ion of the fphere will be ellipfes ; and as thefe 
are difficult to defcribe, their interfedtions with the 
primitive will not be got exad enough. Therefore 
this fort of projcftion is no way commodious for 
the drawing of dials, and therefore is never ufed. 

In the ftereographic projcftion, all the circles of 
the fphere are circles in the projeftion, which arc 
far more cafily defcribcd than ellipfes, and far more 

corred i 
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corrcft ; therefore the interfe(5tions with the primi-tig. 
tive will be more cxbl&Ij ohtained i which makes 7. 
this method more commodious for drawing dials ^ 
and therefore it is often ufed for this pur pole. 

But in the ^nomonkal prcge£lion, all the great 
circles are projefted into right lines, which are dill 
eaficr to draw than circles *, therefore dials are belt 
and eafieft drawn, by tbiLs Ibrt of projection ; for 
which reaibn, in. what follaws, I £hall make u& of 
it in die geometrical eoDftru&iofi of disla. i\nd 
the reafoD of the fevcral operation^^ will be ohvi- , , 
ous to amy body that utxieriSbands the nature of this, 
prc^edtbn.; and needs no other demonftracioa* And 
the rules of this foirt of proje^ion, you have in the 
laft feflion of tny Treanife an Ftx>J!e£lioA ; and 
therefore the dialift ought to be acquainted there* 
with, ^ it is the foundation of all theic operations.. 

To proceed in t&e eafieft method^ imagine th<t 
perpendicular height of the ftile to be tke radium, 
of the fphere, and that the dial plane touches tho 
fphere at the foot of the ftik ; then if the fphere 
be projeded on that plane^ by the eye (or prQ)e6l- 
ing point) at the top of the (lite, which is the ccn- 
. ter of the fphere ;, all the hour circles will be pro* 
je£ted into their proper^ hour lines^ which will tend 
to the projefted pole, which will be the center o£ 
the dial. And the projeftions of the lefler circles 
will make the reft of the furniture ; and will be 
conic feftions. And a line drawa from the top of 
the perpendicular ftile to the center of the diaU 
will reprefent the earth's axis^ and be the ftile or 
gnomon. 

In thefe conftru£tions, the ftile is all along fup- 
pofed to be a perpendicular pin \ which afterwards, 
is cafily changed into a triangular form, by draw- 
ing a line from the top of it, to the center of the ' 
dial. 

F 2 P R O B. 
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Fig. 

P R O B. V. 

To draw an equinoSial dialy or an horizontal dial 

under the poles. 

25. Since the ftilc here muft be a perpendicular pin; 
from C the center of the dial, afiumed about the 
middle of the plane, defcribe the fmall circle atd^ 
of the fame diameter as the pin, which muil be 
cylindrical ; and that circle is to be the foot of the 
ftile. Alfo from the fame center C, defcribe ano- 
ther circle i, 2, 3, &c. Draw Co for the meridian, 
and parallel thereto, draw 12 ^ for the 1 2 o'clock 
line,- touching the circle aid in a. Then divide 
the outer circle into 24 equal parts, beginning at 
12 y and to the points of divifion, 1, 2, 3, &cl 
draw the hour lines, to touch the inner circle to- 
wards the fame hand as 1 2 ^ was drawn. Then 
mark the hour lines with i, 2, 3, 4, &c. on the 
right hand, and 1 1, 10, 9, &c. on the left hand ; 
and draw another circle including the whole. 

Upon the circle al^d ereft the pin or ftilc, which 
muft be perpendicular to the dial plane, and of any 
length. Then this will (hew the hour, by the Iha- 
dow on the left fide. 

To fet up this dial in any other latitude, it muft 
be placed with the 6 o*clock hour line horizontal, 
the 12 o'clock line pointing to the north, and the 
fouth edge S raifed above the horizon, to make an 
angle with it equal to the complement of the lati- 
tude, or the height of the equinoftial ; and then 
the plane of the dial will be parallel to the cqui- 
noAial, as it ought to be. 

If you draw the hour lines from the center C, 
the pin muft diminifh to a point at the top. Aiid 
the divifion of the hours muft then begin atO; 
and the fliade of the top will ftiew the hour of the 

day, 
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. day; among the hour lines. In this dial you need Fig. 
draw no more hour lines, than the fun ihines on in 25. 
fummer, if the dial is drawn on the north fide. 
But if it is drawn on the fouth fide, you need but 
draw 1 2 hour$, which is the longeit that the fun 
can fiiine upon it. 

If you have a mind to note the half hours and 
quarters, you muft divide each hour, 12 1, 12, 
23, &c. into two equal parts for half hours, or 
into four equal parts for quarters. 

P R O B. VI. 

ito draw a horizontal dial under the equinoSliaL 

I, Ceomeirically. 

Draw two parallel lines upon your plane, AB 26. 
and DE, at a convenient diftance, for infcribing the 
hour lines; make MCF perpendicular thereto. 

.Take CF for the height of the ftile, and C^ for the 
thickncfs thereof; and draw «f^ parallel to MCF. 
With the center F, defcribe the quadrant CH ; and 
with the center/, the quadrant ^G. Divide each 
quadrant into fix equal parts at /r, n^ &c. and 
draw lines from the refpeftive centers thro* all the 
points of divifion, to interfedt the line DE in the 
points I, 2, 3, &c. Then thro* thefe points i, 2, 
3, II, 10, 9, &c. draw lines parallel to MC or 
mcy and thefe will be the hour lines of the dial. 

If you divide each hour nn^ nn^ &c. into two 
or four equal parts; and draw lines thro* thefe 
points from the two centers, to interfeft DE as 
before, then thefe interfeftions will fliew the half 
hours or quarters. 

' Make MK = CF, then will MK3C be the fi- 
gure of the fiile, and Cr or M»i its thickne^; 
iwhich ftile muft be ereftcd upon the bafe CMwr, 

F* 3 perpcn* 
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Fig. perpendicular to the plane (^ the dial *, and the 
a6. fliadow of the top will (hew the hour of the day* 

If inftead of teaving a fpace Cc for the -ftile, 
you defciribe a femicircle round F, arid divide 411 
from the center F ; then fince 'C and c coincide, 
your ftile muft be exceeding thin, or at leaft it 
•muft be brought to an edjge at the top. This is 
• the readied way, but then ypur dial will not be To 
exaft in the middle d{ the day. 

Or inftead of plate for the ftile, it may be an 
iron pin, creeled perpendicular upon any point of 
CM, and its height muft be^qual to CF. 

Or you may have a plate of any height for the 
ftile, with a fmall hole made thro* it at the height 
of CF, for the fun to flline through among the 
hour lines. 

The hours muft 'be numbered on the weft fide 
II, 10, 9, 89 &c. and on the eaft fide i, 2j 3, 
4, &c. 

This dial is to be placed fo, as its plane may 
be parallel to the horizon, and X)E pointing eaft 
and weft, or CM nprth ancj ibuth. Or to fix it in 
any other latitude, the north fide at M muft be 
raifed to make an angle above the horizon equal to 
the latitude of the place ; and CM pointing to the 
fiorrh. 

2. By CakulaHon. 

As radius : 

sale's beighi CV : : 
So tan, hour &rch ( » 5**) : 

Difiance of ibe hour from MC. (C 1 ). 
So t^M 30' ; ^ ' 

Bijiance C2, &c. 

Then the diftances Cr, C2, Cj, &c. fet off 
from C to I, 2, 3, &c. gives the points thro* 
which the afternoon hours are to pais ; and the 
feme fet off from € to iJ, io, 9, &c. give the 

points 
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? lints where the forenoon hours are to pafs.Fig. 
hcreforc lines drawn thro* ^11 thefe points parallel 26. 
to MC will be the hour lines. 

If you would calculate for the. half hours and 

2uarters, you muft fay, as rad : ftile's height 
;F : : fo tan. 3** 45' : to the diftance from C, on 
ijie line CE for a quarter: : and fo tan. 7** 30^> 
diftance for half an, hour : : and fo taa. 1 1"" 15' : 
diftance for three quarters : : tan. 18* 45' « dif- 
tance &}r an hour and a quarter, and h on. 

/ 

3. fy lie Scak. 

Haying drawn the meridian CM, and cm paral- 
lel to it at a diftance equal to the thicknefs of the 
ftile ; fix>m either pdar line, which fuits Jbeft, take 
the extent from the beginning of the line to 1 the 
ficft hour, andietirom C to i, and from C to 11 
on the line I>£ ; then take the extent from the he- 
ginning, to 11, the iecond hour, and fet it from 
Cto 2, and from ex,^ 10 \ iikewife take the ex* 
tent to III, ^it third hour, and fet from C and c 
Xo 3 and 9. Do the like with the reft of the hours. 

Then lines drawn thro' thefe points i, 2, 3, 11, 
io» He. parallel to CM, will b^ the hour lines of 
thedi^. And the extent to III, or C3, is the 
height of ;the ^ile. 

If you would have the hour lines of 7 in the 
morning, and 5 at night to come in ; you muft 
find the height of your ftile for that purpofe, thus, 
5 hours zz 75*. Then fay, as Radius : CE : : Co- 
tan 75* : CF the height of the ftile s and to this 
Iteight the dial muft b: made. 
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Fig. 

P R O B. VII. 

30 draw a horizontal dial for atpf latitude. ■ 

t • 

I* Geometrically. ^ 

2y, Take any convenient point P fot the center of 
your dial, thro' P draw the meridian DE; at P 
make the angle DPR equal to the latitude. Draw 
a line paralleLiio DE, at a diftance equal to the 
perpendicular height of the ftile, to cut PR in F, 
Otherwife take any point F you pleafe in the line 
PR, and draw FC perpendicular to DE, then FC 
is the height, and C the foot of the ftile. Draw 
FG perpendicular to FP. Thro' G draw the con- 
tingent line AGB perpendicular to DE, which 
here reprefents the equinoctial. Let Gg be the 
thicknefs of the flile, and draw d^e parallel to 
DGE. 

Or you may proceed thus, having madt the an- 
gle DPR equal to the latitude, take any point G at 
pleafure, thro' which draw the contingent line AGB, 
perpendicular to DE. From G take GF, the 
neareft diftance to PR, and fet from G to D, and 
from ^ to d\ and from the centers G andj^, with 
any radius, delcribe two quadrants, which divide 
into fix equal parts, or hours; beginning at G and 
g. And thro' the points of divifion, draw lines 
from the centers D and d to interleft AB in the 
hour point S, w, ;» ; ;^, », &c. Then from the cen- 
ters P and/, draw lines thro' the points i», »♦ &c. 
as ?m^ Vm ; and P», Pif, S^c. and thefe will be 
the hour lines. The 6 o'clock hour lines muft be 
drawn parallel to AB i and the hours before and 
after fix, are had by producing the oppofite hour 
lines thro' the center. 

Then PFC will be the form of the ftile, which 
may be made longer or ftiorter by producing PF. 

And 
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And the ftile is to be placed perpendicular upon Fig, 
the plane of the dial; that is, one fide upon the ij. 
fubftile PG, and the other upon . the fubftile pg ; 
each fide of the ftile being perpendicular upon 
the fubftile •, for the plane or the ftile ought al- 
ways to be fet perpendicular on the ^ fubftile, in 
any dial. And then the top edge will flicw. the 
hour. 

' If you allow no fpace Gf or Pp for the thick^ 
nefs of the ftile, it muft' be made exceeding thin 
to take up no room; or elfe it nqtuftbe inade 
iharp on the upper edge. And' that edge "muft 
tend diredly 16 the center. 

Inftead of the triangular gnomon PFC, you 
may have a perpwdicular pin FC, and then the 
(hadow of the top Fi will fliew the hour. But the 
other is better, becaufe fome part oi the fhadow 
will always be upon the dial ; but the fliadow of 
the top F, foon goes off. 

You may alfo have the ftile to be a plate of any 
form, with a hole in it for the fun to fliine through j 
which hole niuft be at the height CF, perpendicu* 
larly over C. 

If you Would have the half hours and quarters ; 
you miift divide every hour in the quadrant into 
two or four parts, and draw lines from the cen- 
ters D, d, as before, to interfeft AB, and thro* 
thefe points of interfcftion, draw lines from the 
center of the dial, which will giv^ thefe halves or 
quarters. But the quarters may be had near e- 
nough, by dividing each half hour into two equal 
parts. 

And to fave labour, after you have drawn all 
the hovir lines on one fide of the dial, or foi" one 
half of the day ; you may transfer them to the 
other fide, for the other half of the day. 

As to numbering the hours, thofe on the eaft 
fide muft be numbered ly "i^ ^^ &c. from PD or 

12 
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Fig. I * for the afternoon hours. And thofc on the 

2^. weft fide ii» lo^ 9, &c« which are the forenoon 

hours. And the figures are ^loft commodioufly 

placed with their tops towards the center ; becaute 

tre Aand oppofite to the fun, to fee the hour. 

A horizontal dial is the only one, that fhews the 
hours quite thro* the day, at all feafons of the 
5^ear. For if the fun is up, or above the horizon, 
be muft needs ihine upon a horizontal^ plane, if 
nothing ftands in the way. 

The outiide of the dial terminating the hour 
jiines, may be round or fquare or of any form you 
^ill, for it makes no difirerence whcither tb^ hour 
li^es be Jong or ihort. 

2. By Calculation. 

As raims : 

Sin. latitude : : 

Tan, hour arch : 

Tan, hour angle. 
The hour arches are 15% 30% 450, 60s 75"^ 90* } 
and if the quarters are taken in, they are 3^ 45', 
T Z^'y iiM5'» 15^0'; i8*> 45^, &c. Suppofe 
the latitude 54^; then the. hour angles, found by 
the foregoing rule, for every half hour, will be as 
in the following table. 



A Table 
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A Table dT the hour arches and hour angles. . ** 




■#^ 



hour 



o 


(f 


4 

12 


. 7 


is 


38 


«5 


10 


32 


00 


It 


9 

42 


54 
63 


02 


71 
80 


47 
49 


90 


00 



ConflruSivn. 

Take any point P for the center, and draw PD 
for the meridian. Take P^ ~ thicknels of the 
Aile^ and draw pd parallel to PD. Make the an* 
gles DP Xi., and ^1 = 12* i8'. The angles 
DPX and dpll zz 25 10. And To of the reft, as 
you find them in the table. 

LaftLy» make the angle DPR =: the latitude, for 
the ftik. 

3. By the Scale. 

Aflume any convenient point P for the center 
df the dial, thro* which draw the line VI P VI 
for the fix a clock hour lines. Make P/> the 
thicknefs of the ftile ; and thro* P and p draw 
the lines PD, pJ perpendicular to VI VI, for the 
meridian or 1 2 a clock line. Then on the line of 
latitudes on the i'cale^ fetting one foot at the be- 
ginning. 
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.Fig. ginning, extend the other to the latitude of the 
. zy, place -, and fet that extent from P to ^ and from p 
to dj in the fix o'clock line. Then take in your 
compaflcs the i^hole length of the line of hours^ 
and fetting one foot in b^ with the other cut the 
meridian PD in O ;. likewife fet one foot in d^ and 
with the other cut the meridian pd in o \ and draw 
the lines ^O, do. Then extend your compafles 
from the beginning of the line of hours to I (or 
i5*»), and fet that extent from O to ii, and from 
^ to I ; and if you will, from b to 7, and from d 
to 5 ; in the lines bO^ do, 

Again extend from the beginning^ to ir(or 
30^) ; and fet it from O to 10, and from ^ to 2 ; 
and alfo (if you pleafej from b to 8, and from d 
to 4. Likewife take the extent to III (or 45 "^^j 
and fet from O to 9, and from ^ to 3. After this 
manner go thro' all the hours. Then lines drawn 
from P, thro' the points 7, 8, 9, 10, 11, give 
the forenoon hours. * And lines drawn firom^, thro* 
1, 2, 3, 4, 5, will be the afternoon hour lines. 
^TJie hour lines before and after 6, are had by pro- 
ducing the reft thro' the center. 

If you would have the half hours and quarters 

' fet off by the fcale j you muft extend to thefe half 

hours and quarters on the line of hours, and fet 

* ^hem on the lines 03 and ody as you did for the 
whole hours. 

The ftile DPR muft be raifed at right angles, 
to the dial, upon the fubftile which here is the fpace 
VOop ; and muft make an angle with the fubftile 

* equal to the latitude, as was faid before. 

There is alfo a way to conftruft dials, by the 

* help of dialling tables, fitted to a certain latitude; 
which you may fee in fpme books of diallings 
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SC HO LI U M. 27. 

It may be obferved here, that if a horizontal . 
dial be made for a place in the torrid zone» to . 
ftiew the hour by the top of the perpendicular ftile 
CF. And when the fun is in the neareft tropic, or 
between the parallel of the place and that tropic 
ADL ; the (hadow of the ftile CF, upon the dial 
HAdglj will go back twice in the day ; once in 
the forenoon, and once in the afternoon. For 
whilft the fun in the tropic, or parallel circle, moves 
thro* AGBDIKL, the fliadow will move thro* 
agadklkj and then fets j fo that he goes back thro* 
tff, and thro* kL 

In this cafe the fun is twice upon one azimuth 
in the morning, and twice in the evening ; and then 
the Ihadow falls twice upon one line. And the arch 
ag or kl may be found, by calculating the fun's 
azimuth at A and G, by right angled fpherical tri- 
angles. « 

The like happens to any ftar here, whofe decli- 
nation is greater than our latitude. For fuch a ftar 
will be twice upon one azimuth in the eaftern part 
of its orbit, and twice in the weftern part. In 
great latitudes fuch a ftar never fets ; but in its re- 
volution, v;hilft it is afcendingin the eaft, it moves 
towards the fouth, till fuch time as it rlfes per- 
pendicularly, and then its azimuth is the greateft. 
Then it returns again towards the north j fo that 
it nevfer gets to the fouth of us. 

' P R O B. VIII. 

To draw an ereSl dire£l fouth dial. 

I. Geometrically. 

Take a convenient point C for the foot of the 28. 
ftile, thro* which draw the meridian CDE. R^iife- 

CF 
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Figi CF perpendicular to CE, and equal to the perpen- 
28. dicular height of the ftiie* Make the angle. CFP 
upwards equal to the latitude of the plac^ to in- 
terfeft the meridian in F» then is P the center of 
the dial. Draw FG perpendicular to FP, and AGB 
perp. to PG. 

Or proceed thus, take the point P near the top 
of the plane, for the center of the dial 1 thro* P 
draw the meridian P£ ; at P make the angle EPR 
equal to the complement of the latitude. Take 
any jjoint G in the line PE, and draw GF per- 
pendicular to PR ; or take the neardi diftance n-om 
G to the line PR ; thro*^ G draw the contingent 
line AB, perpendicular to PE, repreienting here 
the equinodial. 

Take Gg equal to the thicknefs of the ftile, and 
dvsLwpgq parallel to PGE. Make GD and ^9 r: 
GF, and from the centers D and q^ with any ra- 
dius, defcribe two quadrants LG, Mg. Divide 
each quadrant into fix ^qual parts or hours, each 
15% beginning at G and^. From the centers D, 
J, draw lineis thro' the points of divifion, to cut 
AB in the hour points i», m ; and if, ;?, &c. Then 
lines drawn from the centers P and /), thro* all the 
points w, », &c. will be the hour lines. The 
half hours, &c. are drawn the fame way. 

And the perpendicular pin FC will be the ftile, 
or which is better, the triangle RPG ; which muft 
be fet perpendicular upon the hour lines of 12, 
PG and pg ^ the ftile PR pointing downwards to- 
wards the fouth pole, 

Note^ all the lines except the hour lines, ftiould 
be obfcure lines, or fuch as may be rubbed out. 

When the lines do not inrerfcft within the plane, 
as at the firft divifion towards L and M. Take 
half the line qg in your compafles, and running one 
foot along the line ^B, till the other foot fall upon 
the line qc at ^, (keeping the fett of the compafles 

ia 
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m a parallel pdfition), thro* € draw cba paraHef tdF%. 
pq ; and fct off ba = half ^ ; then draw pa for the 28. 
hour line. 

Set the forenoon hours ott the left hand and the 
afternoon hours on the right, with the tops of the 
figures upwards, in which pofition only, they can 
be read. 

2. By Calculation. 

As radius : 
Cof. latitude : : 
Tan. hour arcb : 
Tan. hour angle. 

Here the height of the pole above the plane is 
the complement of the latitude. Here as in the 
laft Prob, theliour arches are 15% 30% '45% &c. 
for whole hours; and 3*45', 7* 30', 11* 15^, iS* 
45', &C.' for quarters. Then having found the 
hour angles, by the foregoing rule, put them or« 
derly in a table, as in the laft Prob. which for the 
ht. 544^ will be as &Xkm% for whole hours. 

A Table of hour arches and angles* 



Hours. 


hour 
arches. 


hour 
angles. 

00 0' 

8 51 

18 32 

30 9 

45 »o 
65 14. 

90 


XII 
XI I 
X II 
IX III 
VIII IV 
VII V 

VI 


0" 0' 
15 
30 

45 
60 e 

75 
90 



Confirultion. 

Take any point P near the top of the plane, for 
the center of the dial •, draw the meridian or i z 

<)'clock 
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Fig. o'clock line P£» and ^^ parallel to it, at a di^ance 
28, equal to the thicknefs.of the ftile. Then with ex- 
tent of 60 from a line of chords, defcribe two 
quadrants, from the centers P and f. Then fet 
oiF the feveral hour angles as you find them in the 
table, both ways froni the lines PE and pe^ upon 
thefe quadrants. And thro' the points, draw lines^ 
from the centers P, ^, for the hour lines. Thus 
EPXI, and ep\^ is the firft hour angle. HPX, and 
^11 the fecond hour angle, &c. 

Laftly, make the angle EPK zz. complement of 
the latitude, for the ftile,. to be fet upright upon 
the hour of 12. 

3. hy the Scale. 

Take the point P near the top of the plane for 
the center, and draw the meridian PE, and fe pa^ 
rallel to it, at a diftance equal to the thickncfs of 
the ftile ; and thro* P draw the 6 o'clock lines per- 
pendicular to PE. Then from the line of lati- 
tudes on the fcale, take off the extent from the 
beginning to the complement of latitude, and fee 
that extent from P to ^, and from p to d. Then 
take the whole length of the line of hours, or in- 
clination of meridians ; and fetting one foot in ^, 
crofs the meridian with the other foot at O. Like- 
wife with one foot in </, crofs the line pe in \ and 
draw ^O, do. Then take the extent from the be- 
ginning, to I, II, III, &c. hours (or to 15% 30**, 
45% &c.) and fet from O to 1 1, 10, 9, &c. and 
from ^ to I, 2, 3, &c. refpedively. Then draw 
lines from P thro' all the points 11, 10, 9, &c. 
and from p thro' i, 2, 3, &c. and thefe will be the 
hour lines of the dial. The forenoon hours are to 
be numbered towards the weft ; and the afternoon 
hours towards the eaft. Then make the angle 
EPF equal to fhe complement of the latitude, for 
the ftile. 

PROB. 
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Fig. 
P R O B. IX. 28. 

To draw a dinS north DiaL 

1. Geometrically^ 

Drav a dircft foutlv-dial for the fame latitude^ 
. and turn it upfide down^ and fettihg its face north- 
ward, it will be a dired north dial ; and the ftile 
will point upwards towards the north pole. But 
the hours niuft be numbered the contrary way from 
the fubftilc; thofe to weft, are the morning hours, 
and thofe to the eaft, the evening hours. And the 
midnight hours muft be left out, becaufc the fun 
! fliines not then -, and the hour lines of / and S 
I in the morning, and 4 and 5 at night muft be 
' drawn thro' the center, as in the horizontal dial. 
It is evident the fun never Oiines upon this dial, 
but only in the fummer half year. 

2. By Calculation. 

As radius : 
Cof»^ latitude : t 
Tan. hour arch : ^ 

Tan. hour angle. 

The fame as for a direct fouth dial. And th? 
conftrudion the fame. 



3. By the Scale. 

Here the center H muft be taken near the mid- 
dle of the plane. And all the reft of the work 
muft be done, as in the fouth dial. Only the hour 
lines after fix in the morning, and before fix in the 
evening, arc had by producing the oppofite 6ncd 
thro' the center. 

You may if you pkafe, ftuke a horizontal dial 
for the complement of the latitude -, and turn the 
north end up, and fet it to face the north, and i( 

G wiU 
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iFig.wiU be a true north dial. And the hour lines will 
28. be rightly numberedi but the mid-day hours muft 
be left out, which now become the midnight hours. 
A dircft north dial is only the back fide of a 
fouth diredt one ; for both dials lie in the prime 
vertical ; the meridian in the fouth dial is the hour 
' line for 1 2 at noon \ but the fame meridiaa con- 
tinued thro* the plane, is the hour line for 12 at 
night, in th^ north dial. And all the hour lines ia 
the fouth dial being produced thro' the plane, will 
be the hour lines in the north dial, for then the 
fun is in the oppofite part of the meridian. And 
the ftile of the fouth dial continued thro' the plane, 
• vfill be the ftilc of the north dial. 

P R O B. %. 

To draw an ere£l direSl eafi BiaL 

1. Geometrically. 

^9* Draw the horizontal line ^B, and in AB take 
a point Q, on the left hand. Thro' Q draw the 
contingent line EQ^ making an angle with AB, as 
AQE, equal to the complement of the latitude. 
Thro' any point E of the line EQ, draw FEG per- 
pendicular to EQj for the fix o'clock hour line, 
apd the fubftile. 

Take any length EF for the height of the ftile, 
and with the center F, taken in. the line FG, and 
any radius, defcribe the femicircle LEM. Divide 
each quadrant EL, EM into 'fix equal parts for 
hours, beginning at E. Thro* thefe points draw 
lines from the center F,^ to cut the line EQ.(which 
reprefents the equinoftial) in the hour points 
»', n^ Hy &CC. I 

Thro* the points », », &c. draw lines parallel 
to GEF, and thefe will be tlie hour lines. 

On. 



] 
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On GF raife the perpendicular plane GHNjIR,f'g' 
whofe height RM or GH is equal t6 EF ; and that ^9- 
plane, which is a parallelogram, will be the ftile^ 
which muft be made very thin ori the top HM. 
Or you may have a perpendicular pin fixt at E, 
tvhofe height is EF, for the ftile- 

But it is better tg leave a fpace at EG equaf to 
the thicknefs of the gnomon -, and defcribe two. 
quadrants LEF, MEF, from two centers, and^ fo 
find the hour lines on each fid%, feverally by thefe 
centers, as was done in the former Problems, ^nd 
then the ftilc muft be of a thicknefs equal to that' 
fpace. 

Then the hours muft be marked towards the 
fouth, 5, 4, 3, leaving out.the houfs before fun 
rife; and towards the north 7, 8, 9, 10, 11 j'the 
fubftile being 6. 

If you would have half hours and quarters, di- 
vide each hour of the femicircle into two or fout 
parts, and proceed as in the whole hours. 

If you would have your dial to take in 1 1 o*clock, 
you muft find the ftile's height to anfwer that, af- 
ter this manner. If 1 1 be the point for 1 1 o'clock, 
draw 1 1 F to make an angle of 15^ with 11 E, 
and to interfeft FEG in F. Then EF is the height 
of the ftile. 

2. By Calculation. 
Radius : 

Height of the flik EF in inches : : 
Tan. hour arch from 6 : 
Di fiance from EG the 6 6^ dock line. 
Thefe diftances being found tor all the hours, 
muft be put regularly in a table. But if you would 
have 1 1 o'clock juft to come in, you muft find the 
height of the ftile by this proportion ; as radius : 
length 1 1 E t^ : tan. 15'' : FE, the height of the 
ftile. Suppofe FE to be 3 inches, then the hour 
diftances from E, will be as in the following tf ble. 

G 2 Hour<j 
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Hours. 


diftances. 


HI 
IV 

V 

Subft. VI 

Vlt 

VIII 

IX 

X 

XI 


3.00 

1.73 
0.80 

0. 

0.80 

1-73 
3.00 

5.40 

1 1 .20 



ConftruSion. 
Make the angle AQE equal to the complement 
of the latitude, AB being parallel to the horizon. 
Draw the 6 o'clock line EG perp. to QE. Then 
fet off the feveral diftances from E as in the table ; 
that is, make E 5 and £7 =: o.So ; E4 and E8 z: 
i.73 ; E3 and £9 = 3; Eio = 5.20 ; and Ei i =: 
1 1.20', and thro' the points 7, 8, 9, &c. draw the 
hour lines parallel to EG. Laftlyy make RM the 
height of the ftile =: E9 = 3. 

3. By the Sc^. 

Having drawn the horizontal line ABQ, and QE 
making an angle with it of the complement of the 
latitude ; near the top, draw EG perpendicular to 
EQ for the fubftile and 6 o'clock line. Then in 
cither of the polar lines, fet one foot of the com- 
paffes at the beginning, and extend the other to I, 
fet that extent tirom E to 5, and from E to 7, on 
the line EQ^ Then extend from the beginning to 
II, and fee it from E to 4, and from E to 8. In 
like manner extend from the beginning to III, IV 
arid V ; and fet thefe extents, from E (to 3 and) 
9, 10, II, refpeftively. Then thro' all thefe 
points draw lines parallel to EG, for the hour lines. 

And 



I 
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And the diftance from the beginning to III on thcFig. 
line, gives the height of the Itile ; to be fet perp. 29. 
upon the hour line of fix, ^ 

P R O B. XL 

To make an ereS direSl well Dial. 

This dial is made by the fame rules as the eaft 
dial, only changing the pofition of it. For in a 
weft dial, the point Q^ and angle AQE muft be 
taken on the left hand. And when the hour lines 
are drawn, they muft be numbered the contrary 
way. The hours from the fubftile or 6 o'clock, 
muft be numbered towards the fouth 7, 8, 9 ; and 
from the fubftile towards the north, 5, 4, 3, 2, i. 
If you look at the back fide of the pap^r, turning 
it to the light ; you will fee the true figure of a weft 
dial thro* the paper. Therefore if all the lines in 
an eaft dial were to pafs thro* the plane, they will 
make a weft dial, on the back fide of it. 

P R O B. XIL 

Td draw a fouib ereSi declining Dial. 

Example i. 
Sttppofe a dial declines weft 36 degrees^ in the lat. 

S4t- 

I. Geometrically. 

Take the point C about the middle of the plane 30^^ 
for the foot of the ftile, thro' which draw the ho- 
rizofllal line AB, and CF perpendicular to it, and 
equal to the perpendicular height of the ftile. 

Make the angle CFZ equal to the declination 
(36°), to the right hand if it decline eaft 1^ or to 
the left, if weft; to cut the horizontal line in Z. 

Thro* Z draw PZE perpendicular to AB, for 
the meridian. 

G 3 Take 
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jTjg^ Take ZF and fct it from Z to X, in the line AB. . 
30. Make the angle ZXF equal to the latit«^ (54f )» 
to cut the meridian in P. Then P is the center of 
the dial. 

Thro' C and P draw PCD for the fubftilc. 

Thro* C draw QC^perpendicular to PD, cutting 
the meridian in N, for the contingent line. 

In CQ make CT equal to CF, and draw PT. 

Take the ncareft diltance from C to PT, and 
fet it from C to D, in the line PD, and draw DN. 

With the center D, and any radius as DC, def- 
cribe the fcmicircle SCW. 

Divide the femicirck SCW into parts of 15 de- 
grees for hours, beginning at the line DN, or 
where it curs the circle. 

Thro* thefe points draw lines from the center D, 
tainterfed the equinoftial QQ» in the hour points 
li, 12, 1, 2, 3, 4, &c. 

From P the center of the dial, draw lines thro' 
the hour points, as Pii, Pi 2, Pi, P2, P3, &c. 
for the hour lines. 

Then the ftile may either be the perpendicular 
pin FC, or the triangle PCT fet upright on the 
fubilile PC. Here the edge of the ftile PT muft 
be made very thin.; or v/hich is better, a fpace muft 
be left at PC, equal to the thicknefs of the ftile, 
for it -to ftand on, juft as if this dial was cut in. 
two, thro* the line PCD, and one part fcparated 
from the other to that diftance. 

If you would have half hours and quarters, di- 
vide each hour of the femiqircle into two or four 
pares, and draw lines thro* thefe points 3n^.thc 
; <^cnter, to cut the equinoftial, as before. 

The meridian PE muft be numbered, .12, and 
the hours on the left mwft be 11, 10, 9, &c. and 
thofe on the right i, 2, 3, 4, &c. ■ 

If you had rather begin at the center of the dial, 
you may proceed thus. Take the point P near the 

top. 



Sea. 11. I> I A L L I N G. 'Sf 

top, for rfic center; thro' which draw the meridian Fig. 
PE 5 in PE take any point Z, thro' which draw 30. 
tti€ horizon tal line AZB. Make the angle ZPX 
Ajiittl to the complement of the latitude, cutting 
tht hdrizontal line in X. Make the angle BZF 
€fqilal to the complement of the declination, to- 
wards the right hand, if the declinatioD be weft ; 
but to the left, if eaft. Make ZF equal to ZX ; 
{t<nn F draw FC parallel to ZP, to cut the hori- 
sS6hta4 line in C 5 then CF is. the height of the liile, 
^nd G the foot of it. Thro' P and C draw PCD 
for the fubftile. Then draw the contingent Q(^ 
and fihilh the reft, ai before. 

\ 

2. By Calculation. 

Here *re htive given the latitude of the place 
(54^4), and the declinattoh of the plane (36'') 5 to 
find the fubftile's diftance, the height of the pole , 
above the plane, and the plane's dif. longitude. 
Radius — — * 10. 

5/». declination f 3 6) 5. 7 69 2 1 

Colon, latitude (547) — ' 9-85326 

^M./ubjaWs difiance it 45^ 9.62247 



Jgainy ' 

Radius — — 10. 

Cof. declination (36J 9.9079,5 

CoJ. latitude (54t) -^ 9-76395 

— < » . 

Sin. ftile's height^ 28 I ^.67190 

And, 

S. latitude {s^^^^ ~" 9.91065 

Radius - " " 10. 

Tan. dedination (36) ' 9.86126 

Tan. dif, longit. 41 45, 9 95058 

■ — . ■ ■ M il .< ■ ■ ■■> 

G 4 Thea 
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Fig. Then add 15 degrees continually to 41 45 (the 
30. diffl longitude), for the hour arches before 12; 
And fubftra£i: 1 5 deg. continually, till you come 
at the fubftile } beyond which you mull add 15 
deg. continually, to, the remainder of the hour 
where the fubftile ftands •, for the hour arches after 
12. And thefe hour arches are all reckoned from 
the fubftile. All thefe muft be regularly put down 
in a table againl^ the refpedtive hours. Ir you cal- 
culate for quarters, you muft add and fubftra& 
S"" Ai> continually. Then you muft calculate for 
the hour angles, by the following analogy, and 

J)lace them againft the ieveral hours, as In the fol< 
owing tabJLc, 

^s radius * ■■ 

S. ftile's height (28 i) 
Tan. hour arch (86 45) 

- Tan. hiur angle (83 6) 

Tan. 71 45 

Tan. 54 55 
And fo on. 



10. 
9.67185 

10.91762 

10.48181 

IQ. 15366 




Cm 
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Fig. 
ConfiruSkn. 30. 

Take P near the top, for the center of the dial ; 
and draw the meridian HE, for the 1 2 o'clock line. 
By the line of chords make the angle EPC, 22* 45' 
the fubftile's diftance, on the right hand, as the de- 
clination is weft ; and draw the fubftilar line PCD. 
Make the hour angles from the fubftile, as you find \ 
them in the table, viz. CPIX =83 6% CPX r= 
54 555 CPii = 35 37; CP12 = 22 45i CPi 
zz 13 49; CP2 = 5 35; and CP3 = i 32 ; 
CP4=:« 49, &c. andPIX, PX, Pn, P12, Pi, 
P2, P3, &c. will be the hour lines. Make the 
angle CPN = 28 i, for the ftile. 

3. 5y the Scale. 

If you have a fcale fitted to your latitude ; find 
the declination on the line of chords ; againft which, 
on the other lines, you. will find all the requifites, 
riz. the fubftile's diftance, the ftile's height, and 
plane's dif. longitude. If you have no fuch fcale, 
you muft find the requifites by Gunter's fcale, if 
you would work the whole inftrumentally ; other- 
wife by calculation, as before. 

Having made a table of the horary diftances 
from the fubftile, choofe any point H near the top 
for the center, thro* which draw the meridian or 1 2 ; 
o* clock line perpendicular to the horizon. Make 
the angle EPC =: 22** 45', the fubftile's diftance 
from the meridian; thro* C, draw PCD for the 
fubftile, on the right hand, becaufe the declination 
is weft. Draw tFd perpendicular to PC. Then 
from the line of latitudes, take the height of the 
. pole above the plane, 28** i^ and fet it from P tp 
i and i; and take the whole length of the line of 
the inclination of meridians, and fet from b to cut 
PC in O, and draw ^O and dO. Then from the 
fame line of inclination, take thefe horary diftances 

(or 
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Fig. (or hour archcsj as you have them in the table, 

30. viz. II* 45^ 26^ 45', 41 45, 56 45, &c. and 

fet them fevtrally- IVom O to ^ , a^ Oj &c. till you 

come at i. Alfo take the horary diftances 315* 

iS 15* 33 < 59 ^<^* ^nd f^^ f^o^ ^ towards ^, as at 
r, r, r, &c. till you come at d. Then from P, thro' 
all the points a^ a, «, and r, r, f, &c.^draw lines 
quite thro' the dial, which will be the hour lines re- 
quired. If any point fialls above the horizontal line, 
draw a line from it, thro* the center, to the other 
fide. You may obferve, that any diftance Oa is equal 
to its correfpondent dr ; and any Or is equal to aa. 

Make the angle CPT = 28 i for the ftile. And 
the forenoon hours muft be markt towards the left 
hand, and the afternoon hours towards the right 
hand, of the meridian. 

If you would have the half hours, they muft be 
taken off the line of inclination, as before, and fet 
on the lines Oi and Od\ 

As this is a very comi^ion and ufeful cafe, I fliall 
give another example of it. 



r- 



Ex. 2. 

Suppofe a S^lane declines eafi 49""^ in kt. 5 1^. 

I. Geometricalfy. 

Take C for the foot of the ftile^. thro* which draw 
the horizontal line AB ; and CF perpendicular to 
it, and equal to the height of the ftile. 

Make the angle CF2 equal to the declination 
(49*), to the right hand, becaufe the plane declines 
eaft \ and it will cut the horizontal line in Z. 

Thro* Z, draw PZE perpendicular to AB, for 
the meridian^ 

Set ZF from Z to X, in the horizontal line AB, 
cither way. 

Make the angle ZXP upwards, equal to the la* 
ticutlc (5ii)^ then P is tlie center of the dial.. 

Thro* 
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THro' C and P draw PCD for the fubftile. . Fig, 

Thro* C draw the contingent l^nc QQ perpcndi* 31, 
cular to the fubftile PC, to cut the meridian inN. 

Make CT equal to CF, and draw PT, 

Take the neareft diftance from C to PT, and 
fet from C to V in the fubftile PD. 

From the center V with any radius, dcfcribe the 
femicircle SCW. 

Divide the femicircle into parts of 15 degrees 
for hours, beginning at the line DN. 

Thro' all thefe points of divifion^ draw lines 
from the center V, to cut the contingent QP in 
the hour points, 5, 6, 7, 8, 9, &c. 

From the center P of the dial, draw lines thro* ' 
all the hour points, as P5, P6, P7, P8, &c. for 
the hour lines. 

Then the triangle PCT will be the ftile, which 
muft ftand perpendicular to the fubftile PC, 

2. By Calculation* 

As radius •— id* 

S. declination (49^) 9-^1111 

Cotan. lat. (5it>) 9.90060 

. ^an, Jubji.' dijt. {^o sg) 9.77831 



Radiuf — 10. 

Cof. declination (49"^ * 9.81 694 

Cof. latitude (5 if) 9.794-14 

S. ftile* s beigbs (24 6) 9.61 108 

S. latitude (5 if) 9-89354 

Radius . — lo* 

Tan. declination (49) 10.06083' 

^an. dif. longit. {^^ /^-j) 10.16739 



Then 
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Fig, Then having the plane's dif. longitude 55 47 ; 

31. by adding and fubtra&ing 15 degrees continually 
to and from it ; the hour arches, reckoned frooi 
Che fubftile, will be had, as in the following table. 



Hours. 


hour 
arches. 


hour ' 
angles. 


Ill 


79' «3' 


65 


IV 


64 13 


40 13 


V 


49 »3 


25 40 


VI 


34 13 


15 3» 


VII 


19 13 


8 6 


VIII 


4 13 
Subftile 


« 44 


IX. 


IP 47 


4 27 


X 


as 47 


II 10 


XI 


40 47 


19 ^4 


XII 


'SS 47 


30 59 


I 


70 47 


49 3» 


1 II 


85 47 ' 


79 46 1 



Then for the hour angles, 
Radius •^— 

S. Jiile's height (24 6) 
ST. hour arch ^4 13) 

!r. i&wrr angle ( i 44) 
and fo of the reft, as in the 



10. 

9.6iio9 
8.86763 

8.47871 

table. 



ConftruSion. 

Take fome point P near the top for the center 
of the dial, thro* which draw the meridian PE, 
for the 12 o'clock line, And make the an- 
gle EPC = 30 59 to the left hand, as the declina- 
tion is eaft, and draw the fubftile PC. Then fet otf 
the fcveral hour angles from the fubftile, as you 

have 
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have them in the table : CP8 = i 44 ; CP; = 8 6} Fig. 
CP6 = 15 31, &c. and you have the hour lines. 31. 
Make CPT = 24 6, and CPT will be the ftile* 

3. By the Scale. 

: Having found the requifites by.Guntcr's fcale, 
or by calculation, take lome point P for the cen-* 
tcr, from which draw the meridian or 12 o'clock 
line PE ; make the angle EPC = 30 59, to the 
left hand,- becaufe the declination is eaft, and PC 
will be the fubftile. Thro* P draw a perpendicular 
to PC, on which fet the ftile's height 24 6, taken 
from the line of latitudes, from P to ^ and d^ 
Then fet the whole length of the line of hours or 
inclination of meridians, from ^ or i to O in the 
line PC, and draw bO and dO. Then take the fe- 
veral hour arches, which you have in the table, 
off the line of inclination, and fet them from O 
towards 3, and from O towards d. Thofe on the 
left (rf the fubftile(4 13, 19 13, 34 13, &c.) muft 
be fet on Ob from O to tf , ^ , a^ &c. And thofc 
on the right hand (10 47, 25 47, 40 47, &c.) fet 
from O to r, r, r, &c. Then from P, thro* all 
the points a^ a^ a^ draw the hour lines P8, P7, 
P6, &c i and thro' all the points r, r, r, &c,, draw 
the hour lines P9, Pio, Pii, &c. Then make 
the angle CPT = 24 6 for the ftile. 

PRO B. xiri. 

^Q draw a north ereS declining DiaL 

To do this make a fouth declining di^l, whofc 
declination is the fame, and lies the fame way, then 
turn it upfide down, and it will be a north de- 
dining dial. But the hours muft be numbered the 
contrary way. 

Thu«^ 
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Fig« ThuS) if you want a north-caft dccliner, make 
31. a fouth-eaft decliner, if a nortih-wef): decliner, make 
a fouth-wcft decliner. 

Likewife, by extending the ftile and the hour 
lines quite thro' the center \ fo as the hours may 
be feen on the other fide of the plane ; the fouth- 
caft decliner will then produce a north- weft decliner^ 
and a fouth-weft decliner, a north^e^ft decliner. But 
the hours muft be numbered i, 2^ 3, &c. frcnn 
the meridian on the right hand; and 11, 10, 9, 
&c. on the left. But the midnight hours, or thaie 
before fun rife, and after fun fet, myft be left out ; 
as the fun. Being then betow the horizon, does pot 
Ihine on them. 

And in drawing the dial, the center H muft be 
taken about the middle of the plane, becaufe fome 
hours niore are required, .than m.a fouth decliner ) 
and thefe are had by producing the other hour 
lines thro* the center. 1 judge it necdlefs to draw 
a figure for it ; but the calculation of fuch a dial 
will be as follows. 

Suppofe a north plane dectining eaft ai degrees y in 
las. 54t. 

Then we (hall find, by calculation, or Gunter's fcalc, 

Tbefubfiile'sdifiance 14" 20' 

^ SUl?s height 3a 50 

Planers dtf: longitude y ^ 25 is 

And the hour arches, and bow angles will be 
as in the following table. 



' Hour^ 



_,Ottc«'-» 
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^St 



E[o»rs. 


hour 
arches. 


hour 
' angles^. 


8 


85 15 


81 ' 19 


9 


70 ^5 


56 30 


lO 


55 15 




11 


40 15 




12 


as 15 




I 


10 15 


' 


\ . 


SubJdUe 




2 


4 45 




3 


i9 45 


II 06 


4 


34 45 


20 37 


5 


49 45 


32 38 


6 


64 45 


48 59 


7 


79 45 


71 -^^ \ 



P R O B. XIV. 

To draw an upright dial wiihouP a center ; cr a 
far declining dial. 

Examp. 

Suppofe a plane declines 70 degrees eaji^ in the lat. 

I. Geometrically. 

In fuch dial planes, oa which the pole has but 
fmall elevation, if the center of the dial be taken 
within the plane ; the hour lines, efpecially near 
the fubftile^ will be fo clofe together, as not to be 
readily diftinguiftied ; ^nd therefore fuch a dial 
would be ufelefs. But by making the ftile higher 
at pleafure, the hours will become wider ; but then 
the center will run out of the plane ; and therefore 
we mull ufe the following method to draw the diat^ 
without a center, * 

Suppofe 



L 
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Fig* Suppofe the prefent center of the dial to be H, 
32. thro' H draw the meridian HE, in which take 
fome point Z, thro' which draw the horizontal line 
XZB. Make the angle ZHX equal to the com- 
plement of the latitude, cutting the horizontal 
line in X. Make the angle BZF equal to the com- 
plement of the declination, towards the right hand« 
when the declination is weft ; but to the left, when 
it is eaft. Make ZF equal to ZX ; and from F 
draw FC parallel to HZ, to cut the horizontal line 
in C. Tnen CF is the prefent height of the ftile> 
and C the foot of it. Thro' H and C draw the 
fubftile HCD. Thro* C dr^w ICI perpendicular 
to the fubftile HD ; and thro' fome other point S, 
another perpendicular KSK, to cut HE in A. In 
CI take CN equal to CF, and draw HNO for the 
ftile. From S take the neareft diftance to HO, 
and fet from S to G in the fubftile, and draw GA. 
Then fince the ftile HO has but fmall elevation, 
draw T/ parallel to HO, at a tonvenient diftance, 
for the new ftile. Then take the neareft diftance 
from S to T/, and fet from S to D in the fubftile, 
and draw the line DL parallel to GA. From the 
center D, defcribe a femicircle, cutting DL in L. 
Divide this femicircle into hours beginning at L, 
and draw lines from the center D, thro' thcfe points, 
to cut the contingent line KK in the hour points, 
that of L being 1 2 o'clock. 

Again, take the neareft diftance from C to T/, 
and let from C to J in the fubftile. From d de- 
fcribe a femicircle, and make the angle Cdl n 
SDL. Then divide this femicircle into hours be- 
ginning at / ; and thro' all the points draw li nes 
from the center dy to cut the contingent line II in 
the^hour points, / being 12 o'clock. 

Laftly, thro' the correfpondent hour points, in 
both contingent lines, draw right lines, and theib 
will be the hour lines. And to numfcer the hours, 

obfervc 
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obferve the line DL runs to 12 o'clock, (which isF^. 
generally out of the dial) and this direfts all the 32, 
reft ; for the next hour point is i j , the next 10, 

&C.. 

2. By Calculation. 
The rcqulfitcs being found as in the laft Problem, 
will be as follows. ' 

SuhftiU^s dijlance -^ 33° 50' 

Stil/s height 11 28 

Plant's dif. longitude 73 3 ' 

Then fuppofe HC to he 2.7 'inches 9 HS, 7.3 ; 

then by plane trigono^netry to find the leaft diftan- 

cies fromi C and S to HO, 

As radius 10. 

S. i>HO(n 28) 9.29841 

SoHC(2.7) 0*43136 



■ ■ 



diftancnfromC{.5iy) ^ — 1*72977 
SaHS (7.3) 0.86332 



diftance from S. {1.4^) 0.16173 



Thefe diftance^ being too little, incrpaft them 
with any quantity you think proper, fuppofe i.i ; 
then the neareft diftances from C and S to T/, will 
be 1.64 and 2.55 ; that is, the radius SD and Cd 
will be 2.55 and 1.64. Then to find the hour 
points. After the hour arches are had by help of 
the dif longitude 73 31, and put into a table; 
the correfponding diftances, along the lines KK -and 
II, from the fubffile, are had by this proportion. 

As radius 10. 

Tan. hour arch {61 29) 10.26493 

So SD (2.55) 0.40654 



p^ 



dijiance from S (4.70) 0.67147 

So 0^(1.64) 0.21484 

dijiance from C (3.02) ^-^7977 

H and 
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Fig. and fo on thro* the Whole, which muft be put 
22. down in the table, againft their correfponding hour 
arches, as foll6ws. 



Hours. 


hour 


diftance 


diftaitcc 


arches. 


from S. 


from C. 


3 


6i 29 


470 


3.02 


4 


46 29 


2.69 


«-73 


5 


31 29 


1.56 


I.OI 


. 6 


16 29 


0.75 


0.48 


7 


I 29 


o«o6 


0.04 


• « 


Subftile 






8 


13 31 


0.61 


0.39 


9 


28 31 


1.38 


0.89 


lO 


43 31 


2.42 


1.56 


II 


58 3x 


4.16 


2.68 



ConJiruUion.' 

Draw an obfcure line HE perpendicular tp the 
horizon, and make the angle EHD = 33 50, an(J 
HD is the fubftile. M^e the angle DHO = 
II 28, the height of the ftile, and draw HO, then 
draw T/ parallel to HO, at a diftance i.i from it; 
then HST/ will be the ftile, to be fet perpendicur 
lar upon the fubftile HD. Make HC = 2.7 ; and 
HS = y.'^. And thro' C and S, draw two perpen- 
diculars to the fubftile HD, as II and KK. Then 
fet off iipon II and KK, from the points C and Sj 
the diftances. .you find in the table ; thofe above 
the fubftile, to the left; and thofe below, to the 
right of it. Laftly^ thro' the correfpondcnt points 
in the two lines, draw the hour lines of the dial. 

If you look - thro* the back of the paper, you 
will fee a dial declining as far to the weft. 



3- By 
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3- ^y ibe Scale.- of.' 

Having found the requifites by GnntePs fcale, 
or by calculation, draw HE perpendicular to the 
horizon ; and make the angle EHD the fubftile's 
diftance, and DHO the ftile's height, and draw 
HD and. HO for the fubftile, and ftilar line. Chufe 
a point in the fubftile as S, thro' which draw a line 
KK perpendicular to the fubftile. 

Then take the diftance from the beginning to 
the hour III, on the greater polar line, and fet it 
from S to T, and draw T/ parallel to HO ; and 
T/ is the new ftile. Then open the compafles from 
the beginning to the hour III, on the lefler polar 
line, and fetting one foot at S in the fubftile HD, 
move it along the fubftile (keeping the feet of the 
compaffes parallel to KK,) till the other foot touch 
the line T/ •, as at r ; thro' that point r, draw a 
line ICI parallel to KK. 

Then from the table of hour arches, take the 
fcyeral arches from the greater polar line, and fet 
them from S, upon the line KK, firft to the left 
hand, and then to the right, as they lie in the ta- 
ble, in refpeft of the fubftile \ then you have the 
hour points on the line KK. 

Again, from the fame table of hour arches take 

every arch from off the lefler polar line, and fet both 

ways from C, on the line II, as before. Then lines 

drawn thro* the corrcfpondent points in both lines 

/KK and II, will be the hour lines of the dial. 

The ftile CST/ muft be placed perpendicular on 
the fubftile CS, and made thin at the top ; untefs 
you have a mind to leave a fpace there, the thick- 
nefs of the ftile. 



m PROB- 
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— \ T^ d f^ awa dl^l upo n a^JizxSjhtdb. reclining plane^ 
cTMpert ^ aire^^ nor$b inclining one. 

1 1 If a %iti^ plane reclii)es, and the reclination 
is lefs than the complement of the latitude, add 
\the reclination tp the latitude, the fum is the lati- 
tude, for which Voia mud make an ered fouth diaU 
by Proh. VIIL 

2. If the reclination be equal to the complement 
x>f the latitude, then the pok falls in the plane of 
the dial ; and then you muft make aa horizontal 
dial'under. the equino<^iial, by Prob, VI. 

/ 3. if the rciclination h% greater tl^an the comple- 
ment of ^he latitude; fubtraft the complement of 
the latitude from the reclin^ion \ and the remain- 
der is the latitude, for whicK you touft make a ho- 
rizontal dial, by Prob. VII. And thefe are all the 
varieties that can happen in a reclining fouth dial. 

In north inclining planes, If a dial be made on the 
fouth reclining fide, and the ftile and hour lines con- 
tinued thtio* the plane ; there will be made a north 
inclining or proclining dial^, as required. Otherwife 
thus,' which comes to the ftme thing ; make fuch 
a dial as : is before direfted for a reclining plane, 
then turn \t upfide down, and it will be a dial for 
its correfponding north inclining plane. But in 
all of th^m, the hopi^ muft be numbered the con- 
trary way. From t-he meridian or ia o'clock line. 

.Thefe incjiuing dialsT are the wdrft fort of dials, 
by reafwthe fun does not Ihine fo long on them, 
as upc^ other dials. ' - '^ 

y 

: • ^ \ ■ 

~ ' ^ /i c P R O B. 



ti • < 1 
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tie. 
P R O B. XVI. 

To make a diteSt north recUpiuig dtaly or a dinSl 
fmtb inclining one* 

1 . If a north plane reclines, and the reclination 
is Icfs than the latitude 5 fubtrad the reclination 
from the latitude, and the remainder will be the 
latitude, for which you muft make a direft fouth 
dial ; and turn it upfide down to face the north, 
and let the hours be numbered weftward, i, 4, 3, 
&c« and^eaftward, 11, 10, 9, &c. but fome of thefe 
midnight hours mufl: be left out ; and fome taken 
in, after 6 in the morning, and before 6 at night. 

Otberwife tbusj add the reclination to the com- 
plement of the latitude ; and the fum is the lati- 
tude for which a horizontal dial is to be made ; 
then the north end is to be turned upward, and 
the thing is done. But leave out the midnight 
hours. 

2. If the reclination be equal to the latitude, then 
the plane coincides with the equinodtial ; and con* 
fequently a horizontal dial under the poles mull: be 
made, by Prob. V. 

3. If the reclination be greater than the latitude, 
add the complement of the reclination to the lati- 
tude ; and the fum is the latitude, for which a ho*-^ 
rizontal dial muft be made, by Prob, VII. which 
will fuit that plane. 

In fouth inclining planes, ('by Prob. VIII.) make 
a diredi: fouth dial, for a latitude which is the dif- 
ference between your latitude and proclination. 
Only, if that difference is o, it will be an upright 
dial under the equinoftial, and the ftile perpendi- 
cular 5 and made by Prob. V. And if the procli- 
nation be greater than the latitude, the d^l will be- 
long to fouth latitude-, and is made by Prob. VIL 

H 3 but 
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Fig. but the angle of the ftile will lie the contrary way 
33. upon the meridian, as in fig. ^^, A north rccli- 
clining dial becomes a fouth inclining one, when 
turned upfide down. 

There need be no more than 1 2 hours in any of 
thefe incliners. 

Example^ 

To make a north dial in lat. 60% that reclines 5f 
degrees. 

To the comp. lat, 30 
add the reclin. 54 



new latitude 354. for a horizontal dial. 

I. Geometrically. 

34. Take the point P about the middle of the plane, 
for the center of the dial, and draw the meridian 
DPE, and a line perpendicular to it thro' P for the 
6 o'clock line* Make the angle DPR = 35! the 
new latitude. Take any point G in the meridian, 
thro* which draw the perpendicular AGB for the 
contingent line. Then fet one foot of the com- 

f Gaffes in G, and take the neareft diilance to the 
ine PR, and fet it from G to D. With the cen- 
ter D, and any radius, dcfcribe a femicircle LSM ; 
divide each quadrant LS, SM into 6 equal parts, 
thro' which and the center D draw obfcure lines to 
cut AB in th€ hour points. Thro' all thefe points 
or marks in AB, draw lines from the center P of 
the dial, and thefe will be the hour lines. But the 
midnight hours arc left out, when the fun docs not 
Ihine. And the hours after 6 in the morning, and 
before 6 at night, are drawn thro' the center \ and 
on thiefe the fun will (hine in fummer. 

DPR is the ftile, which will point to the pole 
when the dial is rightly placed, 

^^ By 
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2. By Calculation. 

As radius: 

Sin. new latitude {^si) : : 

^an. hour arch : 

Tan. hour angle* 

Hence the following table. 



103 

Fig- 
34- 



Hours. 


hour 
arches. 


hour 
angles. 


11 


45 
60 

75 
90 J 


30 9 
45 10 

65 14 
90 



'Cofifiru8ion. 

Draw the meridian DE, and take P for the cen- 
ter -, at P make angles with PD and PE, as you * 
find them in the table, and draw the hour lines. 

Make DPR :;: 35^, and you have the ftile, 

3. By the Scale. ' - - 

Let P be the center, about the middle of the 
plane •, and draw the nrieridian PE, and Vd pemen-'. 
dicular to it, for the 6 o*clock line ; on which fet 
the extent to the new latitude ,(35f )» taken from* 
the line of latitudes, from P to ^ and d. Then 
let the whole length of the hour line from ^ to ^ 
and y, on the meridian DE ; and draw ba^ da^ hq^ 
dq: Then on the line of hours, take the extent to I 
the firft hour, and fet from ^ to 5 and 7, ^tid from" 
^ to 5 and 7. Then take the extent to the fecond 
hour II, and fet from ^ to 4 and 8, and from d to 
4 and 8. Alfo take the extent to III, and fet frOni 
^ to 9, and from d to 3. Then from P draw lines 

H 4 . thro^ 



1 

I 



T 
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Fig. thro* all thefe points, for the hour lines. Make 
34. DPR = 35i for the ftile. 

The mid-day or midnight hours need not be 
drawn, as the fun never fhines on them. 

P R O B. XVII. 
^0 make an inclining or reclining eafi dial. 

Example. 
Let an eafi dial recline 2 1 deg. in lat. 547. 

I. Geometrically. 

j5. Take fome point C for the foot of the ftile, near 
the middle of the plane \ thro' which draw the per-^ 
pendicular line DE. I>raw CF perpendicular ta 
D£, or parallel to the horizon, and equal to the 
height of the ftile. Make the an^le CFH equal 
to the complement of the reclination or proclina- 
tion ; downwards, if it recline ; or upwards^ if it 
incline, to cut the vertical line DE in H. Thro' 
H draw the meridian or 12 o'clock line PHI per- 
pendicular to DE. Make HG =;: HF, and make 
the angle HGP — the complement of the latitude, 
to the left hand when the plane reclines, and to the 
right hand when it inclines ; and P is the center of 
the dial, which will be at the top, as well as the 
meridian PI, when the plane inclines. Thro* P 
and C draw PCM for the fubftile. 

Thro' C draw QC^perpendicular to the (iibftile 
PM for the contingent, in which make CT z= CF, 
and draw PT for the ftile. Take the neareft dif- 
tance from C to the ftile PT, and fet it from C to 
V. Draw the line VI, from V to the interfedion I 
of the contingent' and meridian. 

From the center V, with any radius, defcribe a 
femicircle, which divide into hours, beginning at 
VL Draw lines from the center V, thro' thefe 

divi- 




'PllS.pa<MjJ^^ 



SA 



•I 
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divifions, to- cut the contingent QQ^in the fevcralFig, 
hour points. Then lines drawn from the center of 35. 
the dial P, thro* thefe points, will be the hour lines. 
And the triangle CPT, eredtcd on the fubftile, PV 
will be the ftile. t 

For the hours, PI being 1 2 o'clock, the reft pro- 
ceed towards the left hand, being 11, 10, 9, 8» 
&c. in order. 

2. By Calculation. 

1. Js radius > 10. 

Cof. reclination C21) 9*9 7^1 5 

Tan. latitude (54t) - 10.14673 

Tan. fithfiile's dtfi. 52 37, 10.11688 

2. Radius ■ ■ lo. 

S. latitude (54!) 9.91068 

S. reclination (21) 9^5543^ 



S. ftil^s height, •658, 9^4^500 



3. Radius ' ID. 

Cof. latitude (54i) 9*7^ 39 S 

Tan. reclination (21) 9-584 17 

Cotan. dif. longitude^ 77 26, 9.34812 

Then make a table for the feveral hour arches^ 
by continually adding and fubftra£ting 15 degrees* 
to and from the difierence of longitude 77 26. 
And then to find the hour angles, 
Radius ' 10. 

S.Jlile*s height {16 gS) 9.4650a 

Tan. hour arch from > ^ 

Tan. hour nngle 24 40, 9.66192 



And fo of the reft, as in the following table. 

Hours 



'io6 

Fig. 

35- 
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Hours. 


hour 
arches. 


hour 
angles. 


3 


57 34 


24 40 


4 


42 34 


15 


5 


27 34 


S 40 


6 


12 34 


3 43- 


y 


Subftile 


\ 


7 


2 26 


43 


8 


17 26 


5 14 


9 


32 26 


10 30 


lO 


47 26 


17 37 


II 


62 «6 


29 12 


12 


77 26 


52 37 



ConJiruSiofh 

Draw PI parallel to the horizon at the bottom 
of the plane, ^ for the 1 2 o'clock line 5 or at top 
of the plane if it inclines ; in which take any point 
P for the center of the dial, toward the left hand. 

Nfake the angle IPV on the right hand, equal 
to the fubftile's diftance from the meridian 52 37, 
and draw the fubftile PV. Alfo make the angle 
VPT equal to the ftile's height 16 58, and draw 
the ftile PT. Then make the hour angles on each 
fide of the fubftile, as you have the.m in the table, 
as VP7 = 6 43, VPS =: 5 14, &c •, and VP6 = 
^43, VP5 = 8 40, &c. And draw the hour lines. 

3. By the Scale. 

Having found the requifites as- above, by Gun- 
ter's fcale, or by calculation •, and made a table of 
the horary diftances (or hour arches,) from the fub- 
ftile ; take a point P near the bottom for the cen- 
ter, thro* which draw the 1 2 o'clock line PI pa- 
rallel to the horizon. Make the angle IP^i = fub- 

ftile^s 
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ftile's diftance 52 37, and draw the fubftile Va.Fig. 
Thro* F draw W perpendicular to Pa, in which 35. 
make Pb and Pd 1658, the pole height, taken from '< 
the line of latitudes. Then take the whole line of 
hours, or the line of inclination, and fet from ^ to 
a in the fubftile, and draw ia and da ; then from 
the fame line of inclination, take the hour arches 
as you have them in the table, and fet thofe above 
the lubftile from a towards I? ; and thofe below, 
from a towards d, on the lines ab and ad. Thus, 
make ab =,X2 34, as = 27 34, '^4 = 4^ 34* 
^3 :=z 57 34; dlfo ay zz z 26, aS zz 17 26, ^9 
= 32 26, &c. And draw the hour lines ^3 ^4, 
asj a6, ay, &c. And make the angle aPT =z 
16 58, for the ftile. 

PROS. XVIII. 

To make an inclining or reclining weft dial. 

This dial is made by th6 fame Tules as the eaft 
incliner or recliner 5 only the angle PGH, which 
is made equal to the complement of the latitude, 
muft be-tlken to the right hai^d, for a weft recli- 
ner ; but to the left hand for a weft incliner. And 
the meridian PI will be at the bottom of the plane, 
if it reclines ^ but at top, if it inclines. 

The hours muft be reckoned the contrary .way in 
the weft dial ; but the meridian or twelve a'clocl^ 
line will guide all the reft. If you turn the back 
of the paper towards you, and look thro* it, the 
eaft recliner will be changed into a weft recliner, 
for you will then fee the figure of a weft recliner 
thro* the paper. And fo tbCx back fi4e'<>f an eaft 
incliner, becomes a weft incliner. 



Exampi 



xo» 

Fig; 
35- 



Examp. 
Suppofe a wefi dial reclines $0% in lat. 54^ 
As all the work is conftrufl^d as before, I (hall 
only give the calculation of it, as follows. 
Subjiile'sdiftance 42<» 1' 

Stilt^s height 38 ^s 

Plants dtf. longitude. 55 19 

Then) the table of hour angles and hour arches, 
will be as follows. 



Hours. 


hour 
arches. 


hour 
angles. 


10 


85 >9 


82 41 


II 


70 19 


60 10 


12 


55 »9 


42 I 


X 


40 19 


27 53 


a 


25 '9 


16 26 


3 


10 19 


6 29 




Subftile 




4 


4 41 


2 56 


5 


19 41 


la 34 


6 


34 41 


23 21 


7 


49 41 


36 19 


9 


64 41 


52 5« 


9 


79 41 


73 44 



And if an eail dial inclines 50% in lat. 544 ; 
the hour angles will be the fame as above. 

P R O B. XIX. 

.^ To draw a fiutb decUmng^ recUnir^ or incUfdng 

dial. 

\ Example i. 

^ Suppofe a Sjplane declines wejlward 25% and recUnef 

15% if^lat. 54t. 

I. Geo- 



• • • « A <■ k .• 



» • • j» 




x/ 



n.x.^i^.j««( "A 



Ye • 
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I. Geometrically. ^^* 

Take any point C for the foot of the ftile, a- 
bout the middle of the plane, thro* which draw DE 
perpendicular to the horizon 5 and CF perpendicu- 
lar to it, and equal to the ftile's height. 

Make the angle CFG the reclination of the plane % 
that is, upwards if it recline, or downwards if ir 
incline ; and make CFH the complement pf it j 
and H is the nadir. 

Thro* G draw the horizonul line AGB, perpen- 
dicular to D£. 

In GD make GR = GF, and the angle GRI = 
the declination of the plane-, to the right hand, 
if it declines eaft, but to the left, if weft ^ R be- 
ing the dividing center of the horizon AB. 

Thro* I and H, draw the meridian or 1 2 o'clock 
Une ZIH. 

Thro* C draw CMK perpendicular to ZH. 
Set CM from C to L on the line CH, and extend 
from L to F, and fet it from M to O, in the line 
IMK ; then O is the dividing center of ZH. 

Praw 01, and make the angle lOP upwards, 
equal to the latitude; and draw OP interfeding 
ZH in P the pole, for the center of the dial. 

Thro* P and C, draw PC V for the fubftile. 

Thro* C draw the contingent QQ^ perpendicular 
to the fubftile PC, interfering the meridian in N. 
. Take CT equal to CF, and draw PT, then 
CPT is the ftile. 

Take the neareft diftance from C to the line PT, 
and fet it from C to V in the fubftile PCV, and 
draw VN. 

From the center V, with any radius, defcribe a 
Semicircle SCX, which divide into hours beginning 
at the line VN, which goes to 12. 

Draw lines from V thro* all thefe points, to in- 
tcrfcd: die contingent OP^in the hour points. 

And 
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Fig. And thro* thefc points of interfeftion, draw lines 
36. from the center, which will be the hour lines of 
the dial. 

NotCy if OP run parallel to the. meridian, PH; 
the fubftile PV, and all the hour lines (drawn thro* 
the feveral interfcAions of QO), will be parallel to 
ZH. 

2. By Calculation. 

As Jin. reclination (15°) 9.41299 

Co tan. declination (25,) 10.33132 

Radius — • 10. 



^an. beig. meridian', 83 9,. 10.91833 

As Radius — 10. 

Cof. declination (25) 9'957^7 

Cotan. reclination (15) 10.57194 

T'an. arch A^ yj 32 10.52921 . 

lat. 5435 

Arch B 1 9 2 ; here A being greater 

than the latitude j the oppofite pole is elevated. 

As Cotan. arch B (19 2) 10.46220 

Cof. reclination (15) 9*98494 

Sin. declination (25). 9.62594 



■*-^ 



79.51088 

'3Lan.fubfiilisd{R, 8 i 9.14868 

As Cof. fubftile* s diftance (8 i) 9*99573 
Cof arch B (19 2) — 9-97558 
Radius ■' 10. 



Cof. fillers height y 17 19 9-979^5 



As 
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As Sin. arch B. (19 s) -r- 

Radius M 

Sin. ftthfl. difi, (^% i) — — 

Sin. plants dif. longitude^ 25 19 



lit 

9-5«337Fig. 
10. 36. 

9-14445 

— ■ > I 

9.63108 



Then make a table for the feveral hours, and 
place the plane's dif. longitude 25 19, againft iz. 
To or from which add and fubtraft 15, 30* 45, 
60, &c. to get the other hour^ arches, ^which put 
againft their refpedtive hours. Then for finding 
the hour angles, 

Radius ' ■ JOi 

S. fiil^s height (17 ig) 9*47370 

Tan. hour arch (79 41) 10.73985 

Tan. hour angle^ 58 33,. 10,21355 forVII. 

And fo on for all the reft, which will be as in 
the following table. 



Hours. 


hour 
arches. 


hour 
angles. 

58 33 


7 


79 41 


6 


64 4« 


32 »i 


B 


49 4» 


19 20 


4 


34 41 


u 38 


3 


19 41 


« 5 


2 


4 41 
Subftile 


t 24 


^ 1 


10 19 


3 7 


12 


25 J9 


8 I 


II 


40 19 


14 II 


10 


55 19 


23 »$ 


9 


70 19 


39 40 


8 


85 t9 


74 37 



Co»- 
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^^' Con/iruifion. 

Draw the horizontal line bH near the bottom 
of the plane, in which take a point H towards the 
right hand, if the declination be weft ; but to the 
Jeft if eaft. Draw the line ZH making the angle 
ttiZ = 83 9, the height of the meridian, for the 
1 2 o'clock line. Take any point P near the top^ 
when A is greater than the latitude, otherwife near 
the bottom, and draw the fubftile PV to the right 
hand for weft declination, making the angle HPV 
rz 8^ I', the fubftile's diftance. Then from P draw 
the hour lines, making angles with the fubftile at 
P, as you find them in the table. Thus VPII = 
10 24'. VPIII = 6« 5^ &c. And draw PT ma- 
king the angle VPT = 17 19, the ftilc*s height 
and PTC is the ftile, 

5* By the Scale. 

Having found the requifitcs by Gunter*s fcale, of 
otherwife, draw the meridian PH, making an angle 
with a horizontal line of 83* 9'; draw the fubftile P V, 
making an angle at P with the meridian, of S"" i\ 
Thro* the center P, draw the I'me bd perpendicular 
toPV; then take 17 19 (the pole's height) from 
the line of latitudes, and let from P to ^ and d. 
Then take the fcale of hours or inclination, and 
fet from b to tf, in the line PV, and draw ba^ da. 
Then from the line of inclination, take the fevcral 
Hour arches, againft 2, 3, 4, 5, &c. in the table, 
and fet them in the line ad^ from i? to 2, 3, 4« 5, 
6, 7. Again, take the hour arches againft i , 12, 
11, 10, &c. and fet them in the line aby from a 
to I, 12, 11, 10, 9, 8. Then thro' all thefe points 
2, 3, 4, &c. and I, 12, II, &c. draw lines from 
the center P for the hour lines. 

Note^ ^2, ^3, a^ &c. is equal to ^8, ^9, ^10, 
&c. 

Laftly, 
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. Laftly, dfaw PT, making the angle VPT = Fig. 
17 19, and VP Twill be the ftUe. 36» 

Suppofi a S.plane declines eajl 50% aiid recUkes 42% 

in lat. 54t. 

I* Geometrically. 

About the middle of the plane, take C fof the 37% 
foot of the ftile, thro' which draw DE perpendi* 
cular to the horizon^ and CF perpendicular to DE, 
and eaual t0 the height of the ftile. 

Make ihe angle CEG the recUnation of the pldnj 
42', upwards, and CFH its complement, cutting 
DE in G and H,* H being the nadir. 

Thro* G draw the horizontal line GB> perpendi- 
cular to D£. 

In GD takq GR = QF, either way, and make 
the angle GRI = the declination 50% to the right 
h^ as it declines eaft, to Cut GB ift L 

ThroM and H draw the meridian PHI2, or the 
1 2 o'clock line. 

Thro* C driw CMK perpendicular to the mc» 
ridian HI. 

* Set CM from C to L on the line CH, and extend 
from L to F, and fet it from M to O, in the line 
CMK. 

* 

Draw 01 and make the angle \0p upwards, e- 
oual to the latitude 544.. Draw ^OP interfefting 
the meridian HI in P, fbf the center of the dial^ 
which reprefents the pole. 

Thro* P and C draw PCV for the fubftllc. 

Thro* C draw the fcontingeftt QQ perpendicular 
to the fubftile PC, interfering the meridian PI 

• XT 

m N. 

Take CT =: CF, and draw f T, and OPT is 
the ftile. 

I Take 
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Fig. ' Taketh^ neareil dtftancc from C to the line PT, 
3^. and fet it from C to V in the fubftilc PCV, and drayr 
the line VN . 

From the center V, with any radius, defcribe the 
(cmicircle S,CX> which divide into hours, besin«» 
ning at tlic line VN, where it interfefts the circle. 

Draw lines from the center V thro' all thefe points, 
to cut the contingent line, as ufual, in the hour 
points i thro' which again draw lines from the cca- 
ter of the dial P, for the hour lines. 

2. j?> CalculatiiH. 
As Sin. reclinatitm (42) 9.82551 

Coian. declination (50) 9.92381 

Radius — , f o. 



i'an. beig. meridian^ 51 26, 10.0983a 



*^ 



Ab . Radius '—— I o. 

Cof. diClinatfon (50^ 9.80806 

Cot. ireclination (42^ i 0.0455 tf 

Tan. arch A, 35 31 9. 85362 

Latitude 54 . 30 ^^^^ ■ 



Arcb^^ i8 ^9. Here A being lefs than 
the latitude, the pole is elevated above £e plane*- 

As Cotan. arch B (t8 5^) 10.46343 * 

Cof. rectination (42) 9.87107 

Silt. dedinathH (50) 9.88425 

^an. fuhjiile's diji. 1 1 5, 9.29189 ' 



■« 



As Cof.fithft. dift. (ri 5) 9.99182 

CeJ. arch B (18 59) 9-97 57 ' 

Radius - 10. 



Cof. Jiile's height 15 30 g.^i^^ 

As 



r "T • » « " » 



A' / \ 


\W-'^ ^-jvi 


'"~'"T ~-~ 


V" 



e- 






■■'■ I 



* 



SeA. II. 



D I A L L I N G. 



As Sia. arch B (i8 59) 
Radius — — 



9.51227 



Sin. fttiftiWs dijiance (11 5) 9.28383 
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Fig. 
37« 



S.plan^s iif. hngit. 36 13, 9-77156 

Then make a table of hour arches, placing 3^13^, 
againft 1 2 \ and find the reft as ufual. From which 
find the hour angles by this analogy, and put them 
into the table* 

Radius 

Sin.JHl^sbeighi*^ 

Tan. any hour arek^ 

Tan* correfpondent hour angk. 





( 


■« 


Hours. 


hour 
arches. 


hour 
angles. 


4 ' 


83 47 


67 49 


s 


68 47 


34 33 


6 


53 47 


20 3 


7 


38 47 


12 7 


8 


43 47 


6 43 


9 


8 47 


a 22 




Subftile 




10 


6 J3 


1 40 


It 


21 13 


5 55 


•♦ 12 


36 13 


ii 5 


1 


5» 13 


18 24 


2 


66 13 


31 H 


3 


81 13 


59 58 1 



ConftruSIion. 

Draw PY near the bottom of the plane, parallel 
to the horizon, the lat. being greater than A ; and 
tike P on the left hand for the center, being eaft 

I 2 decli* 



ii6 D I A L LIN G. 

Rg, declination. Make the angle YPI = 51 26, the 
37* height of the meridian •, and to the left IPV = 
II 5, the fubftile*s diftance-, and VPT —15 30, 
the ftilc's height. Then make the angles with the 
fubftilePV, on the left, 2 22, 6 43, 12, 7, &c, 
and on the right, i 40, 5 55^ Sec as in the table ^ 
and draw the hour lines. And CPT is the ftilc. 

3. fy the Scale. 

Having found the requifites by Gunter, drav/ 
the horizontal line PY, and meridian PI, ma- 
king the angle 51 26, to the right. Make the an* 
gle IPV 1 1 5, and PV is the lubftiie. Thro* the 
center P draw bd perpendicular to PV. And take 
15 30 the polc*s heignt, from the line of latitudes, 
and fet from P to ^ and d ; then take the whole line 
of inclination, and fet from h to a^ in the line PV^ 
and draw ba^ 'da. Then having made a table of 
the houf arches, take them feverally, from the line 
of inclination, and fet them from a in the lines ab 
and ad. That is, fet 6 13, 21 13, ^6 13, &c^ 
to 10, II, 12, I, 2, 3^ and fet 8 47, 23 47^ 
38 47, &c. to 9, 8, 7, ^, 5, 4. And thro* thefe 
points, draw the hour lines from P. And PCT 
will be the ftile, making the angle CPT — » 5 30. 

In all flich dials, aio = ^4, an zz ^5, aix 
zz b6y &c. and 479 =: i/3, ^8 = J2, aj = </i, a6 
zz di2y &c. 

If it happen that the arch A is equaf to the la- 
titude, then the dial plane will pafs thro' the pole ; 
and the dial will become a horizontal equinodiai 
dial, as in the following Prob. 



PRQK 
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P R O B. XX. ? 

TV draw a dial upon a declining reclining plane% 
faffing tbto^ the pole. 

Examp^ 

Suppofe a dial plane declines 50® eafi^ and reclines 
^4* 38', in the laL 54i. 

I. Geometrically. 

The procefs here is exactly the fame as in the 38. 
laft Prob. till you draw PO or pO, which will be 
parallel to IH the 12 o'clock line. Then proceed, 
thus, draw the contingent QMK perpendicular to 
the meridian, and to the fubftile iC, which muft 
be parallel to the meridian. Set CF the height of • 
the ft?le from C to V io the fubftile \ and draw VM^ 
Then from the center V defcribe a fcmicircle, which 
divide into hoyrs as ufual, beginning at VM *> then 
lines drawn from the center thro' alT thefe points of 
divifion will cut the contingent line QK in: the hour 
points. Thrc^* which points, Jine$ drawii parallel 
to the meridian, will be the hour lines ; and CV 
the ftile's height, whiqh nig-y be a parallelogram.. 

2. By Calculation. ^ ' ' 

Here A ::-= latitude, and the pale's height above 
the plane is o\ and the other requifites- are found 
as before, except the plane's, difference of longi- 
Ifude, which is found tnus> 

Radius lo. 

Sin. latitude f 54 30) 9.9 1068 

Tan. declination (50) - 10.0761 8- 

Tan. dif. longitudey 44 8", 9.98686 



'^f^^f^^^^i^m 



and height of the meridian 63 35 

The arch A 54 30, 

I 3 "^ The 
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Fig. The arch B =r o, and fubftile's diftancc is o or 
38. no angle, becaufe the ftile, fubftile and meridian 
are all parallel. Therefore aflume the height CF 
= 2.7 inches, and putting the feveral hour arches 
into a table, find the hour diftances, by the fol- 
lowing proportion, which put into the table. 



/ 



Jsf 


•aditts : 




, 


Stile* s height in inches : : 




Tan. hour arch : 


- 


Hour diftance. 


■# 


J 


Hours. 

• 


hour 
arches. 


hour 
diftances. 




3 


89 8 


loS.o 




2 


74 8 


9.50 




I 


59 8 


4-52 




12 


44 8 


2.62 




M 


29 8 


1.50 




10 


14 8 
Subftile 


0.68 




9 52 
8 15 52 


0.08 




0.77 


. 7 


SO 52 


1.61 


6 


45 52 


278 


5 


60 52 


4.84 




V 4 


75 52 


10.83 



ConliruSion. 

Draw the horizontal line AY ; make the angle 
YAC = 63 35, and dra^ AC for the fubftile, in 
which take C for the foot of tlie ftile, and thro* C 
draw the contingent QQ perpendicular to AC» 
Then fet off the hour diftances from C, in the line 
Q(5, as they are in the tabic ; and thro* thefe points 
draw lines parallel to AC for the hour lines. M^kc 
CL and BN = 2.f, and LNBC is the ftile. 

' 2. By 
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■ , , Fig. 

3. By the Scale. J^^ 

Having found the requifites, and made a table of 
the hour arches. Draw the horizontal line AY, 
and draw the fubftile AC, n^akihg an angle of 6 ^ 
35 with AY; draw QCK perpendicular to AC. 
Then from either polar line, take the fcveral hour 
arches, as in the table, and fet them frorn C, in 
the lines CK and C(^ Then thro' thefe points 
draw lines parallel to the fubftile AC, for the hour 
lines. The ftile mufl; be a parallelogram C3NL^ 
whofe height CL is the diftance from the beginning 
to the hour III upon that polar line^ 

For inclini^g dials. . ' 

1. \n xht Geometrical work all the difference ii 
in the triangle GFH ; for in an inclining dial, you 
muft take the point G bcbw C» and H above it^ 
fee fig. 37, and then the horizontal line GI will b^ 
below, and the meridian IH will run upwards from 
L And the angle lOP or \Op muft always tend- 
to that part of the meridian IZ, abov^ 1 ;. and 
made equal to the latitude j and the interfeftion of 
Op or OP, will always find the ceote^ v then all the^ 
reft is plain. 

2. ror the Calculation^ ,the fame rules ferye as 
for rcclinert ; only the arch A is always more thaa 

3. The working by the Scaii is* alfo the fame^ 
when the requifites are found. 

We may here take notice,, that a fe,uth; weft re^ 
diner turned upfide down, becomes. a north weft 
incliner 5 and a fouth eaft recliner turned upfide 
down, becomes a north eaft incliaer ; the quantity 
of |:he declination and inclination remaining tba 
fame ; but the hours muft be numbered contrary. 

Alio if a dial be turned upftde down>, the back-^ 
fide (the hours appearing thro' the plaae,). will ^ 
''^. I 4 it^ 
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Fig. its oppofite inclines But the midnight hours muft 
^H. be kfc out^ and fome others put in, by prqducing 
the reft tbrg* the center, 

P R O B. XXL 

TV draw a nartb declining^ reclining or inclining diak 

E%amp. I. 

Suppofe a N. dial plane i$ decline eafiward 25V 
4HdtQ incline 15% in lat. 54t, 

I. GeomeiricaUy. 

19* Let C be the foot of the ftile, DCE perpendi- 
cular to the horizon, CF the height of the ftile 
|>erpendicular to D£. 

Make the angle CFG n the proclination ; down* 
wards, becaufe it inclines, and CFH the complc* 
snent of it, to cut DE in H the zenith. 

Thro* G dravr the horizontal line AG perp. toDE. 

In GE taWe GR z= GF, and make the angle GRI 
equal tp the declination of the plane, to the fame 
hand it declines, that is, eaft. 

Thro- 1 and H draw the meridian or 1 2 o'clock* 
line HL 

Thro* C draw CMK perpendicular to HI. 

In the iine C H fet CM from C to L, dnd ex- 
tend from L to F, and fet it from M to O, in the 
Sne MK ; and O is the dividing center of HP. 

Draw 01, and make the angle I OP- downwards,- 
^ual to the latitude, and draw OP interfering 
HI in P the pole for the center. 

Thro* P and C draw PCV for the fubftilc. 

Thro* C draw the contingent . Q(^ perpendkular 
fotlic fubftilePC, xnterfcSing the meridian PH 
in N. 

Take CT = CF, f^nd draw PT, and CPT is 
ih? ftile, 

. . Take 
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* Take the nearcft diftance from C to PT^ and fet Fig. 
k from C to V, in the fubttile PCV, and draw VN. 39. 

From the center V defcribe a femicircle, which 
divide into hours, beginning at VN. Then draw 
lines from V thro' thefe points to cut QQ^i and then* 
from P thro* the points in QQ, draw the hour lines,: 

2. By Calculation^ 

Here the data being the fame as in ex. i. Prob. 
XIX, all the requifites will be the fame, being, 
found by the fame rules for an inclip^r, as for the: 
oppofite recliner ; and are as follows. 
Height of the meridian 83"* 9' 

Arch A — ^~ 73 32 

jircb B — IQ a 

Subftile's diftance 8 i 

Stile's height — 17 19 

Plane's dif. longitude ^5 ^9 

. Here A being greater than the latitude, your , 
pole is elevated. 

Then fee the table belonging to that example^ 

Cof^ruSion. 

At the bottom of the plane, draw the horizon-' 
tal line PY, and make the angle YPH = 83 9, to 
the right hand, and PH is the meridian, or 1 2 
o'clock. Make the angle HRV = 8 i, to the 
right hand, becaufe the declination is to the left, 
and PV is the fubftile. Then from P draw the 
hour lines, making the angles with the fubftile P V, 
as y6u find them in the table. Thus VPi =10 
19, VP12 =: 25 19, and VP2 = 4 41^ VP3 = 
19 41, &c. Make the angle CPT =; 17 i9» and 

<;PT is the ftUe. . 

' i ' . 

3. By the Scale. 

. Find the requifites by Gunter. At the bottom 
pf the plane, ;nake the j»ngle YPH s 83 5, and 

angk 
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E»g- anjdcHPV =r 8 i, and PV is the fubftilc. Dnvr 

39. ^W perpendicular to PV. Set the pole's height 
(17 19), taken from the line of latitudes, from P 
to i and d^ and fet the whole line of inclinatioo 
from if to a^ and draw ia^ ^a. Then take the fe- 
veral hour angles (as in the table )9 and fet from 
a towards i and d. Thus take 4 41- and fet from 
a to 2, and from t to 8. Set 19 41 from a to 3, 
and from ^ to 9. Set 34 41 &oiti a to 4, and 
from * to lo, &c. Then fr6m P draw lines thro' 
all thefe points for the hour lines. Make the angle 
VPT = 17 19, fortheftilc. 

Example 2. 

Suppofe M north plane tv decline weflward 60% and 
recline 52**,' in Idt. 54^, . 

I. Geometricalfy. 

40. About the middle of the plane take C for the 
foot of the ftile ; thro* which draw DCE perpen- 
dicular, and-Ci^ pw^Ul to the horizon, and make 
CF = height of the ftile. 

Make the angle CFG zz reclination, upwards 
becaufe the plane reclines, and CFH the comple- 
ment of it, cutting DE in G and H the nadir. 

Thro? G draw AG perpendicular to DE, for a 
horizontal line. 

In GD tike GR n GF, and make the angle 
GRI =: the dedination (60V ^ to the fame hand it 
declines, which is w^. 

Thro* I and H draw the 12 o'clock line IH, 
Thro* C dcaw CMK perpendicular to IH, cut^ 
ting it in M. 
j In the line CD fet CM from C to L, and extend 

I from L to F, and fet. it from M to 6, in the line 
J MK,^for the dividing ceqter.of PH. 
I ' Draw Df, and make the angle lOP downwards 



L 



/being a north plane^ equal tc^hc latitude (54t>)» 

r - and 
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and draw OP, ihterfedling IH in the pok P, for Fig. 
the center of the dial. 40^ 

Thro* P and C, draw PCV for the fubftile. 

Thro* C, perpendicular to the fubftile PC, draw 
Q<2, for the contingent, interfering the 1 2 o'clock 
line PH in N. 

. Take CT = €F, and draw PT for the edge of 
the ftile. 

Take the ncareft diftance from C to PT, and 
fet it from C to V in the fubftile PCV, and draw 
VN. 

From the center V defcribc a feraicircle, which 
divide into hour« as ufual, beginning at VN. Then 
drawing lines, from V thro* the points in the circle 
to cut QCJ ; and then from P thro* the points in 
Q(^ ; and thefe laft will be the hour lines* And 
the hours muft be numbered from PN, 1, 2, 3, 4, 
&:c. to the left h^nd^ and the midnight hours left 
out* 

2. By Calculation. 

As Sin. recUnatim (52') 9*^9^53 

Radius .— . lo. 

C$ian. decUnaHon (60) ^ 9*7614^3 



mm^^ 



^an. beigbt/tneridian^ 36 Z4> 9.86490 

As Radius — . 10. 

Cof. declination (60) 9^^9^97 

Cot an. reclinatim (52) 9.89280 

Co tan. arch A, 68 40 
Colat, 35 30 



i«i» 



/Ircb B 104 lo 

Here the north pole is elevated. Then, 



Cotan. 



U4 

Fig. 
40« 
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Ccian. arch B (" 1 04 i o J 9 .402 1 2 
Cof. redination (52) 
S, decUnation (60) 



9-78954 
9-93753 



19.72687 



STtfn. y«i^. Hftance^ 64 40 10,32475 
^r raiber 115 20. ■ 

As Cof. fubjiilt^s £fi. (64 40) 
C<j/". tfrfit B f 104 10) 
Radius — 



9.63132 

9.3887« 
10. 

ii ■ 



Cof.fiii^i height^ 55 ;» 9-75739 



9-98658 
10. 

9.9560S 

9.96950 



A;s Sin. arch B (104 10) 
Radius — — 

Sin: /ttijiile's drft.Xe^ 4.0) 

Sin. dif. longitude^ 68 47, 
or rather iii 13. 

Then make a table of hour arches placing 68 47 
againft 12, and adding or fubtra£ting 15 degrees, 
find the rqft ; ^nd fron^ them the hour angles, by 
the following analogy, which put into the table as 
ufual. But the midnight hours muft be left out. 

Radius : 

S.ftiU's height: : ^ 

Tan. any hour arch : 

T^n. k^nr angle frgm the Jkhiai^ 



Hour^. 



>■ 




♦^ • 


1 1 


1 


Sca.iL 
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•t45 


* 




Fig. 


„ 1 hour 

Hours. ^^,^^3 


hour 
angles. 


40; 


II 


H 47- 


82 26 




• 


12 


68 47 


64 41 




• 


I 


53 47- 


48 15 








38 47 


33 24 




• 

• \ 


..•- -3 


23 47 >9 53 




* .^».*'A" 


4 


S 47 


7 13 




\ 


V 


SubftUe 


• 


/ 




5 


6 13 


5 6 


• 




6 


21 13 


17 40 


f 




7 


;3^ 13 


31 




• 


8 


51 >3 


45 3.6 




^ 


9 


66 13 1 61 45 


( 


^. 


lO 


81 13 79 20 


> 



From a convenient point P for the center^ draw 
the horizontal line PY, Make the angle YPI z: 
36 14, the height of the meridian to the right, ahd 
draw the 12 o'clock line IPN quite thro* the center, 
Alfo make the angle NPV =z 64 40* the fubftile's 
diftahce, on the left hand, as the declination is weft, 
and draw the fubftile PV. Then from P draw the 
hour lines, to make angles with the fubftile as in 
the table; and the hours that are wanting draw thro' 
the center, leaving out the midnight hours. Make 
the angle VPT = 55 7 the ftile^s height, and CPT 
is the ftile. ■ 

3: 5y the Scale. 

Find the requifites by Gunter> or otherwife •, and 
]draw PY parallel to the horizon. And make the 
Angle YPI zz 36 14 the height of the meridian, 
^nd draw IPN ; and make NPY = 64 40, thp 
jTubftile's diftance ; and draw the. fubftile PV; and 
*ilraw b?d perpendicular to PV5 and from the 

line 
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Fig. line of latitudes take 55 7 the pple's height, and 
40 . fet from P to b and d. Then fet the whold line of 
inclination from bio a^ and draw ia^ da. Then 
having a table of hour arches, take them from the 
line of inclination, and fet them from a towards ^ 
and d^ in the line^ ab^ ad-^ and draw lines from P 
through thcfe points 5, 6, 7, 8, 4, 3, 2, &c. for 
the hour lines. Make the angle CPT n gg 7, 
and CPT is the ftilc. The other hour lines that 
are wanting, muft be drawn thro' the center. 

If A be =: the lai:ittidc, then B is 90% and the 
fubftile's diftance, and plane's dW. longitude are 
alfo '90% and the ftile's height is found by this pro- 
portion ; rnd : S. declination : : €of. redinaticn : cof. 
pie's height. ' 

If .A be lefs ttetn the latitude ; tlien B, tjhe fub- 
ftile's diiJtance,. and plaiie's dif. bngitude, will be 
lefs than 90. 

If A be greater than the latitude, then B and 
^ fubftil^sdiftanoe,iare^eater tbfin 90""^ as in 
this example, where IPV is greater than a right 
angle* 

For inclining dials. 

In thefe, the point G will be below C, and H 
^bove it ^. and the angle lOP muft be taken dowa« 
wards from I^ which repreients a point of the ho* 
rizon. The calculation, and projedion by th9 
fcale, are the fame as in the oppolite recliners ; bu{ 
.the contrary pole wiU be elevateA Hence we may 
know, that if we Vant a north eatt incliner, we 
muft make a fouth eaft recliner, and turn it upfide 
down. Or if we want a north weft incjiner, we 
muft make a fouth weft recliner, and turn it up 
fide down : but the hours muft be numbered the 
contrary way from the* meridian. Alfo any dial 
4)eing made for a reclining plane ; the ftile and 

hours 
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hours produced thro* the plane, will make a dial. Fig. 
for the oppofite or inclining fide q£ the plane. 

I IhaU here add two or three more examples, 
"With the^equifites, hour diftances, and hourj angles ; 
leaving the conftrudion thereof, for the exercife 
of the young ftudent. 

* 

Ex. !• 

Suppofe a S. E. plane declines 25% and reclines 19% 
in the lat. 54^. 

Height of 4befkeridian 81" 22' 

Artb A > — 69 iz 

SuMile's ciifiance 5 59 

Stile's height 13 2)7 

Plane's ^.'tof^rtnde - 24 I5 



Hours 


hour 
arches. 


hour 
angles. 

55 00 
27 18 

»5 33 

9 3°: 

5" 2 
I 20 


1 

7 

8 
9 

10 


80 45 

65 45. 
50 45 

35 45 
20 45 

5 45 

Subftile 


II 
12 


9 15 

24 15 


a 10 

5 59 



iEx*. 2. 

^ iV. ^. ^/tf»^ declines s^""^ and reclines 20f ; U^» 

/?i?/g'/&/ <?/ /i?^ meridian 63° 25' 

-^rfi& A — 33 6 

Subltile's dilianre 62 57 

' ^Plane's dif. longitude^ 73 3 

Hoursi 



1x8 
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Ex. 3. 

« 

jt N. K plam decline's 50% and reclines 70% in laL 



54t- 



Height of the meridian 
Atth A — — 
Subjiile*s difiance - 
Stile* s height 
Phn(^5 dtf. longitude 



41** 46' 

13 10 

147 29 

35 3* 



Hours. 



»«i»«r»«» •• ""^ 
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H6u». 


hour ' 
arch?s.. 


hour 
angles. 


.4 • 


• 

84 28 


83 . 4a . 


. ■ i 


60 28 


67 14 . 


6 


54. '28. 


51 20 ' 


■ y..- 


39 28 


36- 19 ' 


8. 


24 28 


22 6 


9 


9 28 


, 8 28 




Subftile 


» 


10 


5 3* 


4 19 




20 32 


18 29 


12 


35 32 


32 3« 


- r 


50 32 


47 '9 


• 

2 


65 32 


62 59 


■ ,3 


80 32 


79 25 
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Scholium. 

In all thefe forts of dials, .the horizontal line U 
of great ufe^ and ought to ■ be kept on, when the 
other lines are rubbed out ; for by the help of that, 
the dial is fet up in its true pofition. Alfo in all 
kinds of dials, that fhow the hour, &c. by a per« 
pendicular pin, the horizontal line cuts off all fu- 
perflqoos lines in every dial, which can never be 
touched by the fhadow of the flile. For what is 
above that line is of no ufe, becaufe the fun is be- 
low the hori2k>n, and cannot then Ihine on the dial, 
or cad any fhade above the horizontal line ; except 
the dial happen to be ihifted to a new place. 
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^^' PR OB, XXII. 

fo drofv any hour Jinij when the line from tbt cen-- 
tir of tb^ dMding circle^ does noi cut the contingent 
UnCy witkin-tbipUne. - - 

Let Cp be the hoiir line to.be fouod, whprc the 
'^* dividing line N» dr^wn from tHe cehtcr N of the 
circle, does not reacK the contingent line AB. Try 
how neanthe dividing line N;r, approstches the con- 
tingent AB^ about me fide of the plane, as' within 
i, t* T»^c. of NO. Take fi«ch a ^art oif NQ, 
at which idiftancp frim Q, draw an obfcure paral- 
lel to AB, to cut!N» in f ; 'draw cbr parallel 
to the fubffile NQ. ' Then take the fame part of 
QC (as f, y, &c.^, and fet it ffom b to a^ in the 
parallel ^, and thrc^' a draw thk hour line p^. 

Or tbijs. When tHe dividing line N» approaches 
the contingent AB very flowly ; draw Qr^ N/ pa- 
rallel to AB. And fee what part of NQ^ (as 

i"i t> t» ^^0 ^^^ ^^^^ ^^ ^^ diftaht from N/, near 
the edge of the- plane. Set that; patt from "N, to- 
wards Q^ from which ' point draw an obfcure pa- 
rallel to AB, to cut Ntr in r ; then thro* e draw fr 
parallel to NQj and. take the fame part of CQ^. 
and fet from r to^; and thro' a^ d];aw the hour 
line C5. . 

When the end n of (he. line Nn comes nearer AB 
than N/, the former wav is to be ufcd ; but when 
it comes nearer N/, ^hc latter method. 

The reafoR of this operation is, that CQ^: QN-:{ 
bu : be : ; ra : /r, by fimilar triangles. 

P R O B. XXIII. 

TV draw a dial upon the deling of a room^ fvbicb 
will Jbew tbe bours by reflexion. 

Place a fmall piece of a looking glafs exadly 
horizontal in a window, where the fun mines j mea- 

fure 
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furc the perpendicular diftance from the gkfs toFigi 
the cielingj for the height of the ftile ; and where 12% 
the pcrpcndiculai' cuts the deling, is the foot of 
the ftile. Then having the height of the ftile, and 
its foot; make a horizontal dial thereto upon the 
cieling (by Prob. VII.) -, and that will be your dial. 
The glafs is b€ft placed pretty high, as upon the 
tranfom. 

This dial is no more than a hdrizontal dial, 41.' 
turned upfide down. For let CB be the cieling; G 
the glafs, GC perpendicular to the cieling, and 
equal to CF. Then if AG be a ray *bf the fuh, 
rcflt?£ted from G to the cieling, and FB a direft 
ray. Then the diredl rays! AG, FB will be parallel, 
and therefore the angle CFB =1 angle CGA, and 
CGA = CGB, becaufe. the angle of incidence is 
equal to the angle of reflexion. Therefore CFB = » 
CGB, and GC being equal to CF, the dir^dt ray 
FB and the reflefted ra) GB will fall upon the fame 
point B, of the cieling. Therefore if a dial be 
made on the plane CB, for the ftile CF, to ftiew 
the hour by the dire'dt rays FB, it will ferve equally 
for the refie6ted rays GB, 

For the' drawing of this dial, a meridian line 
mtift be had; therefore at 12 o'clock, when the 
fun is in the meridian, hang up a line and plummet 
clofe by the glafs, * mark its Ihadow in the floor 
with chalk ; transfer this to the cieling, by help of 
a plumb linei and it will be the 12 o*clpcK line. 

If your window does not face the fouth, you may 
draw an eaft and weft line, thus. Calculate the fun's 
altitude when eaft or weft ; then obferve with a 
quadrant when he has that altitude ; and at that 
moment hold up a line and plummet, cloft to the 
glafs, thick enough to eaft a fliade to the oppofite 
w^l, this carried up to the cieling gives the point 
of eaft or weft. 

K a It 
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Fig. It will be beft to draw your dial firfl: upon it 
4j, large paper, and when that is done, draw a line 
perpendicular to the meridian to cut all the hour 
lines; and then meafure the feveral diftances of 
the hour lines from 12, upon this line, in inches; 
and alfo the diftance of this line from the foot of 
the ftile. Then draw a line on your cieling as ma- 
ny feet from the foot of the ftile, on which fet off 
the feveral hour points in feet, which were mea- 
fured before in inches ; thro* which draw the hour 
lines to the center of the dial. But becaufe the foot 
of the ftile is commonly within the wall, and the 
center without doors ; it will be neceilary to draw 
two perpendiculars to the meridian, and get the 
hour points in both, thro' which the hour lines mu(t 
be drawn. 

If you would continue the hour lines alopg the 
fides of the room ; draw them firft quite thro' the 
cieling till they cut the walls. Then a plane pair- 
ing through any hour line and the glafs, will cut 
any wall in the fame hour line. Therefore extend 
a thread from the ^lafs to the extremity of any 
hour line upon the cieling, which keep fixt there. 
Then extend another thread acrofs it, from the o- 
ther end of the fame hour line, juft to touch the - 
former thread, and to reach to the oppofite wall ; 
it will touch that wall in a point, thro' which the 
fa)pe hour line is to pafs. 

Note, inftead of a glafs, you may ufe a little 
water, which of itfelf, will always have its furface 
hqrizontal ; for if the glafs be not horizontal, the 
error by the reflexion will be doubled. And the 
water being always in motion, by the agitation ot 
the air j makes the point of reflexion on the cieling 
more eafily diftinguiflicd. 

Cor. jifter. the fame mannfry a dial may he made 
en thefioor of a room ; to fhew the hour^. by tbe.fba^ . 
dow of a black fpot in the window. 

!l For 
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For let CB be the floor, and F a place in the Fig. 
window upon which you mufl: ftick a patch fo large 41. 
as to give a fhadow in the floor. Then if FC be 
taken for the height of the ftile, and C for its 
foot. And a horizontal dial'l)e made on the floor, 
to the ftile CF, whofe height you muft meafure 5 
it is evident, the fliadow of the point F upon the 
floor will fhew the hour of the d^y. 

P R O B. XXIV. 

To find what latitude a dial is made for;, 

Meafure the angle that the ftile makes with the 
plane of the dial, and that will be the latitude, if it 
was a horizontal dial ; or the complement of the 
latitude, if it was an ^reft fouth dial. 

But if the dial has no ftik, as it m^y happen 
to be broken oflf by fome accident. Then meafure 
the angle between the hour lines of 12 and 3, or 
.12 and 9. Then find the tangent of this angle*; 
ieek that tangent among the fines, and the arch bo- 
longing to it, is the latitude, if it is a horizontal 
dial; or the coqiplement of the latitude, if it is. a 
full fouth dial, or a full north one. 

Or in general, meafure the angle between 12 and 
atiy hour line ; then take the hour arch belonging^; 
and fay. 

As Tang. boUr arch r 
Tan. hour angle : : 

So Radius : 

S. latitude for a horizontal dial, or cof. lati^ 
$ude for a dired foudi or north dial. 

P R O B. XXVv 
How to place a dial in a true Jituation. 

.^ Before any dial can be truly drawn upon a. plane, 
it is neceflary to have the fituation of that plane, 

K 3 f^c^ 
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Fig, fqch as the inclination and declination, and the U^ 
titude of the plade, which arc the ncccflarv data 
for conftrufting it. And when the dial is rfrawn, 
it is equally neceflary to place it in the fame fitua- 
tion, or elfe it can never ihew the time truly. If 
the dial was drawn upon a fixt plane, there is no 
more to be done with it ; but if it is upon a loofe 
moveable plane, it will require the fame c^erati- 
ons to fet It up, as were uled in determining its 
fituation. 

In the placing any dial, the three following di- 
reftions muft be obferved. i. That the horizon- 
tal line, which is drawn for this purpofe, be placed 
parallel to the horizon. 2. That it be placed fb as 
to have its proper declination. 3. That it may 
have its proper d^ree of reclinatioa or proclina- 
tion. Thefe rulea ferve generally for all dials, and. 
muft be exaftly performed, if you would cxpeft 
the dial to gp truly. 

In a horizontal dial, the meridian mult be fet 
north and fouth, which may be done by Prob. I. 
or by help of a line and plummet held up at 
12 O'clock. Then the meridian oo^ iz o'clock line 
muft be placed perfectly level ; and fa muft the 
6 o'clock hour linea. And this may be done by 
help of a level, or with a quadrant. 

In a full fouth dial, the. plane of if muft face the 
fouth diredtly, which may be done by a compafs, 
or fetting it to twelve o'cbqk, exa&ly at noon. 
And the 1 2 o'clock line muft be perpendicular to 
the horizon, which may be fet by a plumb line. 
Alfo the piaric of the dial muft be jplaced perpen- 
dicular to the horizon, to be done aUb by a plumb 
line. 

In upright dedinmg - dials, - the- 1 2 o'clock line 
muft be&t pl^rpendici&t by a line and plummet ; 
as alfo the plane of the dial. And it muft have its 
proper declination, and this may be done by help 
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6f a cbmpafs, or more exadly by the fun -s altitudeFig* 
khd azimuth, as defcribed in Prob. IIL 

'And laftly in declining reclining dials, the hori- 
zontal line myft be fet parallel to the horizon. And 
the declination, fet out by the compafs, or by the 
fun's altitude afid azimuth. And the fame recli- 
nation ipuft be given to the dial as it was cal* 
culati^d fqr i the method whereof is defcribed in 
Prob. Ii: 

The ^ateft difficulty is to fet a dial to the true 
cjfeclination. Therefore if you have a watch truly 
fct^ and the dial have its proper pofition in other 
reipefts. Then if the fun flfinfes, you'll fee whether 
the Watch and the dial agree or not ; if not, alter 
the declination till they do agree. And if the ho- 
rizontal line be now parallel to the hbrizon, - and 
the dial have its proper inclination, and the time 
agrees with the watch, you may conclude your dial 
trdly fet ; and there it muft be fixt, 

PRO b. XXVI. 

AfFjf dial Being made for one place^ bow to fet it up 
in attf other place^ to ]be*uo true time. 

If tpu l¥0uld fet it by the rules of this art, you 
faiuft Know the latitude it was made for, and the 
declination and inclination, if it has any. Thefe 
things being had, its fituation^ in its original place 
is known. • Therefore to fet it in any other latitude, 
you muft place it in a fituation quite parallel to its 
firft fituation, and the thing is done. 

For a horizontal dial, note the difference of la»- 
titude between its original place and your place. 
Then raile the north fide of the dial, if it be car- 
ried northward, or the fouth fide, if it is carried 
ibxithward ; fo many degrees, as is the d^erencc 
of latitude \ and there fix it. 

K 4 For 
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Fig. Fof an upright fouth or north dial, fet it to le^n 
towards th.e fouth if it is carried northward ; or 
towards the north, if carried fouthward, as manjr 
degrees as is equal to the difference of latitude. 
And if it reclined or proclined before, north or 
foutli i it muft be made to_ recline or procline, fo 
much morfc, or fo much lefs, as the cafe requires. 
A full eaft or weft upright dial muft be fet tq 
face the eaft or weft ; but the horizontal line muft 
be eletated 'at the north end, if it is carried north •, 
or the fouth end if carried fouth, as many de- 
grees a3 the difference of latitude comes to. 

42i For all forts of declining dials, new reqiiifites 
muft be found to fet them up by. Let AB be the 
meridian, B the place it was made for, A the place 
it is to fet up in. Make the^ angle GBF = decli- 
nation of the plane, BD the reclination of the 
plane, and BF its complement. Let F be the 
pole of the great circle DE, and thro* A draw the 
parallel circle CA, alfo draw FAE. Then in the 
fpherical triangle FBA, there are given FB the 
comp. reclination, the angle FBA the fupplement 
of the declination, and B A the difference of lati- • 
tude. To find FA the comp. reclination at A ; 
the angle FAB the declination at A ; and angle 
AFB the elevation of the horizontal line of the 
dial, above the horizcm at the place A. And ac- 
cording to thefe new ^equifites, when found, the 
dial muft be fet up ; ahd not by the declination 
and reclination at B, where it was made. And this 
holds for the oppofite inclining plane. 

For fincc BD is the reclination, if the dial is re- 
moved to D, it will be an upright dial, and fo it 
will be at E ; and when brought to A, and fet pa- 
rallel, AE wiir be its reclination, the fame as it 
would have at C» or in any place of the parallel 
circle AC, for it will always be in the plane of it. 
Therefore FAB will be the declination at A. And 
iince the horizontal line of the dial is* parallel to 

the 
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the horfobn, when the dial is at C, or any where Fig; 
in the circle FD ; therefore when it is removed from 42. 
C to A (in a quite parallel pofition) being ftill in 
,the plane of the. circle CA, that end of the hori- 
zontal line next A, mufl: needs be elevated above 
the horizon at A, to an angle equal to the arch 
C A or DE, or the angle BFA 5 or the end next C, 
deprefTed fo much. 

It may be noted, that in an eaft and weft re- 
cliner, FBA will be a right angle. And in an up- 
right decliner, FB will be a quadrant, .or BA will 
coincide with DE, and FA will be greater or lefs 
than a quadrant, according as the' angle FBA is 
obtufe or acute. 

Otberwife. 

This Prob. may alfo be done mechanically, af- . 
ter this manner. Stretch a thread, or rather a wire, 
between two fixt points, fo that it may be parallel 
to' the earth's axis, or point direftly to the pole. 
Then take your dial, and fet the edge of the ftile 
.clofe to the wire, or at leaft parallel to it, and con- 
tinuing it {oy turn the dial gently about this axis^ 
till the fun, Ihining on it, fliews the true hour of 
the day ; which may be known by a clock, or by 
another dial. There fix your dial •, ,or at leaft keep 
it in that pofition, till you take the declination, 
and reclination of it, as has been fhewn before \ 
and then the dial may be fet, from thefe requifites 
obtained. 

Cor. Hence you may f lace a dialj fo as to Jhew the 
hour of the day in any given place of the world. 

For if the ftile be held clofe to the wire, as be- 
fore direfted, and the dial be turned gently about 
the wire and ftile, as an axis ; till the fun ftiews 
the time fo much more than the true, as the lon- 
gitude of the faid place is more eaft than your 
place J or elfe that it ftiew the time fo much lefs 

than 
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Fig* than the true, as the place difitm in longitude ^weft- 
ward. There fix the dial, and it will alwayi ihew 
the true time at that place. Here 15 degrees of 
longitude is equal to an hour, 30 to two hours» 
45 to three hours, &c. Therefore the dial being. 
jkt fo much fafter for a place of eaft longitude ^ or 
fo much flower for a place in weft longitude, Will 
conftantly (hew the hour of the day at the other 
place, 

P R O B. XXVII. 

To find the hour of the night iy the moofCsfiining 
upon a fun dial. 

Get the moon's age, or the number of days from 
cither change or full, to the prefent time j and take 
^ thereof for the number of hours that the nrioon 
is behind the fun. Add thefe hours to the time 
fliewn by the moon, on the dial ; throwing out I a if 
it exceed, and you have the Hour of the night. 

Or thus. If you know the time of the moon's 
Ibuthing, cotmt how many hours and minutes the 
ihadow oh the dial wants of 1 2 o'clock 5 fubtraft 
them from the time of her fouthing, for the hour 
of the night. But if the fhadow be after 12, add 
thefe hours and minutes (on the dial) to the time . 
of her fouthing, rqefting 12, if it exceed 5 and 
you have the hour of the night. 

Scholium. 

Before I leave this feAion, I (hall put together a 
few general obfervations^ which a diallift ougb): 
always to remember. 

. I. In drawing any dial, work with obfcure lines, 
or fuch as may be rubbed out again ; for we have 
no farther occafion for them after the hour lines, 
and fubftile, are obtained. 

2. It is beft to fix the ftile upon the fubftile, 

before 
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before the. dial is drawn ; ibr for it will be diffi-Fig. 
cult to fix it truly after. And it mull always ftand 
perpendicular to the plane of the dial. 

3. In all dials, efpecially fuch as are troublefomc 
to draw ; to have it exaftly done, firft make a 
draught of it upon paper ; and then transfer all 
the lines from thence to the dial plane. 

4. In every dial, the thicknefs of the ftile is to 
be conlidered ; and a fpace left at the fubftile, e-t 
qual to its thicknefs ; juil as if the dial was to be 
cxit thro* at the fubftile, and the two parts fepas* 
rate(4 to a diftancc equal to the thicknefe o£ the 
ftileJ And therefore it (hould be made fo at firft, 

fl If* the fun is to (hine more than 1 2 hours on 
the dial ;^ you may get the remaining hours, which 
jou wat^t, by producing the hour lines already 
drawn, thro' the center. ' 

6. When the center of the circle is found, that 
is to divide the contingent line, which may be ta* 
ken on cither fide of it •, you may defcribe a cir- 
cle with any radius, and it is beft done by a line 
of chords ; and the hour arches fet oflT thereby* 
For in all circles, that are alike divided, the radii 
\<rill cut the contingent in the fame points. 

7. If you would have half hours or quarters 
upon your dial, you muft divide each hour of your 
circle in halves or quarters, and draw lines thro* the 
points to cut the contingent line, as in whole hours* 
And in the calculation, inftead of 1 5 degrees ; add 
continually 7** 30' for half hours, or 3* 45' for 
quarters, and calculate accordingly. 

8. In any dial, leave out the midnight hours ; 
and all hours, at which time the fun can never 
fbine on the dial. 

9. In any dial, place the numbers for the hours, 
ib as to oe moft legible ; therefore it would be ab- ^ 
lurd to place them upfide down, in regard to the 
fpe<5tator. 

I p. Every 



r4t> DIALLING. 

Fig^ 10. Every dial muft be fo placed, that the up- 
per edge of the ftile may point direftly to the pol^ 5 
, and that the hof izontal line be perfeftly level ; and 
that it have its proper declination and inclination. 
And in an upright dial, that the 12 o'clock fine be 
perpendicular to the horizon. 

1 1 . When any dial plane pafles thro* the pole, 
it requires an equinodial horizontal dial to be mad^ 
And the ftile will be parallel to the plane. 

12. Every dial is too faft in the morning^. %ntl 
too flow in the evening ; owing to the refraS3on of 
the fun-beams, by which the fun is railed bijgher, 
and the Ihadow brought nearer the fubftile. 

12, 13. To draw any hour lin^ C5 (fig, 12.) ^ca 
it does not cut the contingent within cKp nllane. 
From the centers C, N, draw Cr, N/, pawilKitVto 
the contingent AB. Try how much the projecting 
line N» acwances towards the contingent AB near 
the edge of the plane at b^ as t, f or ^, &c. of NQ. 
Take fuch a part of N(3 in your compaflcs, and 
' running one foot along N/ (or QB), mind where 
the other cuts N», as at c (the feet of the compaflcs 
being parallel to NQ). Thro* c draw fr parallel 
to the fubftile NC. Then take r J, (or ba) the fame 
part of rb {2^fc (or be) is of /&, as f , f , &c.) Then 
thro* tf, draw the hour line Ca^. See alfo fig. 28. 
Or tbus. To draw Cy •, draw gp parallel to C2, 
which is 6 hours from C8, to cut the hour lines 
C8, C9, in d and b. Set di from <;? to /; thro* / 
draw the hour lines Cy^ 
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SECT. III. 

The OonfiruSiion of fome ather forts of 
Dials ""y and drawing the Parallels if ' 
lyeclinationj Parallels of Altitude^ 
and other fuch Furniture upon Dials. 
A "Table of Latitude and Longitude 
of Places. 
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^0 make a Dial upon the furface of afpbere. 

THIS is done without any ftile, only by the 44; 
line bounding light and darknefs. There- 
fore get a fphcre or globe, AEBQ, and mark two 
points of it, diametrically oppofite, for the two 
poles, of which P is one. In the middle between 
thefe poles defcribe the equinodlial EQ, which may 
be done thus ; open the compaiTes to a quadrant's 
diftance, and fctting one foot in P, with the other 
defcribe the equinoctial EQ, which divide into 24 
equal parts, for hours* Then mark thefe divifi- 
ons thus 5 put 6 to the top, and 7, 8, 9, 10, ir, 
1 2, fucceflively to the other divifions on the left 
hand, and 5, 4, on the right; thefe are to be 
placed above the equinoftial for the forenoon hours. 
Aga,in to the fame point 6, put 6 under the equi- 
noftial, and 5, 4, 3, 2, i, 12 on the right hand, ■ 
and 7, 8, on the left;, thefe are for the afternoon 
hours. Then the globe is to be fixed fo in the fun, 
that the pole P may be elevated above the horizon, 
as much as is the latitude, or fo that its axis may 

point 
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Fig. M for March, A for April, M for May, I for Juftc', ' 
4-5. I for July, A for Auguft, S for September. In 
the middle of this fpace is a channel for the Aider, 
with the hole, to move in. 

The next thing is for the winter months. Take 
the point M for the 1 2 o'clock line furthcfr from 
the bottom, becaufe the fun ^oes low in winter^ * 
draw MN parallel to the horizon, make NO = 
twice the comp. latitude, and draw OP parallet ^ 
to the horizon; and make the angles PO5, PO49I 
PQ J, &c, equal to the fun's altitude^ at 5, 4, 3, * 
dct: in the afternoon, when the fun is in the equi- ' 
noftial. Or if jp or 6 be the place of P, make 
P7i /8, p9, &c, twice the height at 7, 8, 9, &c. 
o'clock, in dve morning, in the line IZ. In like 
manner making OQ^=: 47% and drawing QR pa- 
rallel to the horizon, make- the angles RQj, RQ2j 
RQi, the foft's altitude when in the tropic of Ca- 
pricorn, and his depreflion at 4, 5 and 6; let* 
their places be at 6, 5, 4, &c. in the line ix. 
Then draw the hour lines 12 12, i 11, 2 10, 39, 
48, 57, and 66. 

- Laftly, the months muft be fet off on the part 
OQ, as was done upon EF. Let oq be that 
fpace in the line iy. Then twice the fun's declina- 
tion, at the beginning of every month, muft be 
fet off from ^ towards g ; and all completed as in 
the fummer * months. Thefc two parts fr and q^ * 
muft be engraven on the outfide of the rim, ^t FE * 
aridQO. 

All the lines being drawn, and numbered, the 
j^ate azxy muft be bent into the form of a ring, 
truly circular, and the lines ay^ zxj foldered toge- 
ther at A, where a loop of wire muft be fixt, 
at which it is to hang by a thread. There is to be 
made a channel quite round the middle of the 
piate V in this a thih'^ip of blMifs is to be fitted, to 
move back and forward, having two holes in it, 

againft 
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againft the parts EF, and OQ. And in thcfe plaCMRg.: 
EF and 0Q> the channel is cut quite thro' the 45* 
pLte. . 

The ufe of the dial is this i let the proper hde 
againft the day of the month whether fummcr or 
winter, which is eafily done by toiovini; the flip o^ 
brafs back and forward. And turning the fide AE 
towards the fun in fummer, or AD in winter ; let 
the dial hang by the thread at A, then the fun's, 
ray paling thro' the hole, will prqjedt a ipot o^ 
light among the hour lines, which (hows the houi^ 
91 the day.^ 

But note^ the hour lines not bf ing parallel ; you 
ftiuft make the fpoc of light fall at or near the fide 
*y, when the fun is at or near either tropic ; and 
near the fide AZ^ when near the equinoctial y whe- 
filer it be beforenoon or afternoon* And in ge4- 
Heral, keep further from as^ as the fun is further* 
^om the equinodiaL 

^0 make a univetfal ring dliii.^ 

' Such a dial as thi's will Ihew the hour in any a^^ 
latitude, and is thUs niade. AECF and A BCD 
ire two bfafs circles, the tiutermoft AC repfefents 
the hieridiah, and the inner one BD the ecljuator. 
ABCD is divided into 24 equal parts or hours be- 
ginning at the edge of the meridian AE ; this cir- 
cle turns upon an axis AC, whofe ends are fixt in 
the mferidian at A ahd C ; and may be fet fquare or 
|)erpendicular to AECF, putting it againft the flops 
at A and C, The points E and F, which are ac 
a quadrant's diftance from A and C^ reprefent the 
poles ; here a flat piece of brafs FG is placed, which 
turns found upon its axis, going thro* two pieces 
of brafs Bxt at E and F. Along the middle of 

L FG, 
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Fig.FG, there is a long ftit, in i^hich a piece of brad 
P, with a fttiall hole in it, is moveable up or down, 
to-be fet to the day of the month* The quadrant 
AE is divided into 90 degrees, fp that the nut.N 
may be fet to the latitude of ?he place, by Aiding^ 
it along** The circle AC is hollowed out betweent: 
A arid E, and a piece of brafs wire fits into it, and - 
is faftened beyond A and E -, this wife goes thro^ 
4 hole \n the bottom of the nut N, The piece FG 
is graduated with the months after this manner y 
the tangent of the ftin's declination (to the radius 
of the inner circle), is fet from the middle towards 
F, for north declination ; and towards G for fouth. 
And each month divided into three parts of 10 days 
tach. 

The ufe is this ; open the inftrument till the 
horary circle BD reft againft the fto^s at G and A. 
Move the nut N till the bhck line m it falls upon 
the latitude of the place. Move the Aider P tilt 
the hole be againft the day of the month. Then 
fufpend the dial by the thteAd at N, and turn 
the piece EG round its axis till it face the fun ; 
and move the dial, till the fun fhining thro* the 
hole, cafts the fpot of light upon the black line, 
which runs along the middle of the infide of the 
hour circle BD; and the numbers on the upper 
fide, Ihe'ws the hour. At this time the circle 
AECF is in the plane of the meridian ; and the 
circle BD parallel to the equihoftial, 

. P R O B. IV. 

To make a dial upon a quadrant. 

.j^ Let CAB be the quadrant divided as ufual into 
90 degrees, CP a line and plummet. Defcribe 
the arch HI at a convenient diftance from AB, for 
infcribing the months, which is done thus. Find 

the 
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the fun's fticridiari altitude when he is in tKe twoFJg- 
tropics i lay tte line' CP 6ver tHefe altitudes, by 47* 
^hich draw the lines thA, op. Then all the months 
are corttained in the fpac6 niopn. 

About the middle of the Ipacci CH or CI de- 
fcrifae the acrch FG. Then lay the line CP to the 
height of thfe equinoftlal among the degrees, ani 
where it cuts FG, make a mark, as 12. Draw the 
right lines 12 m, and li dy for the 12 o'clock lines 
lii fummer arid wintef, ref|i)eaively. 

For infcribittg the months 5 find the fon*s decli- 
nation, arid from thence his meridian altitude, at 
tke beginning of evety month -, and laying the line 
CP fucceffivcly.over thefe degrees^ draw lines by 
it, within the fpacd mopfi^ as you fee in the figure ; 
and thefe lines divide the months from on^ another, 
which may be divided into days as you will, and 
the names of the months written within them, or 
at leaft the initial letters. 

To draw the reft of the hour lines ; and" firrf for 
the fummer months. To do this, we muft firft 
find all the hour points upon the line HI. There- 
fore when the fun is in the tropic of cancer, by 
Ipherical trigonometry, find the. fun's altitude for 
every hour; whidh mark upon the arch HI at i, 
2, 3^, 4, &:c. by laying the lin'e upon the feveral 
degrees of the quadrant. Again, find the fun*s 
altitude for every hour to 6, when he is in the equi- 
noftial. Make marks for thefe \n the- arch FG, 
at If, 10, 9, 8, 55c. Then draw the hour lines 
I II, 2 10, 39, 48, &c. which will be right lines 
very nearly. Then for the winter months, you 
muft in like manner find the fun's altitude for every 
hour, when he is in the tropic of Capricorn, and 
make marks along the arch ol. From which draw 
lines to the marks in FG, which will be i 11, 2 10, 
3 9, &c. and thefe w;ill be the hour lines, for the 
winter. 

L 2 But 



Fig. dut aft fome of the fummer hour Une^ do not 
4V cut the arch GF; and fome of the winter hour 
lines, the arch IH; we muft find the points where, 
they cut the line GI, atfun-rifeorfun-fet. There- 
fore for any fuch hour you have the afcenfional dif- 
ference, 1 5" for I hour from 6, 30** for 2 hours^ 
&c. Then from the afcenfional difference, find the 
declination ( and by that the meridian altitude. / 
Then laying the thread over thefe degrees of alti* 
tude, obferve where it tuts the line 12 12, take, 
the diftance from that point to the arch HI, and 
fet it from I towards G, and youll have the point 
in IG, through which that hour line is to be 
drawn. 

If you wbuld have th6 hour lines drawn very ex* 
a&, as they deviate a little from right lines ; pro<» 
cced thus. About the middle of the fpace GI, 
defcribe the arch ED. Lay the thread over the 
point D or ^, according as it is fummer or winter, , 
where that arch interfeds one of the 12 o'clock 
lines ; and note the degrees cut, which take for the 
fun's meridian altitude. From thence find his de- 
clination. * Then by oblique fpherical triangles 
(Cafe 8), find his altitude for any hour, except 12 
(which by conftruftion is a right lineu Jay the . 
thread over thefe degrees of altitude, and where it 
cttts the arch ED, is a third point to draw the hour 
line thro\ 

' If you have a table of the fun's altitude for every 
hour, it will fave you the labour of calculation. 

To ufe the quadrant in finding the hour of the 
day. Thefe is a fmall bead which flips up and 
dbwn the thread CP. Lay the thread over the day 
of the month, and flip the bead up or down, till 
it falb on the 12 o'clock line. Then holding thp 
qiiadrant upright, that the line and plummet may 
iiang at liberty, and play freely ; then holding it fo 
in the fun ^ that the fhadbw of the perpendicular 
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pin at C. may fall on the line CF 5 then the bead Fig. 
refting among the hour lines, will Ihew the hour 47. 
of the day. And note the hour lines in fummer run 
upwards towards the left hand •, and in. winter, up- 
wards towards the tight. 

P R O B. v.. 

fo draw the parattels of denHnatim upon any dial. 

Any circles of the fohjere, whether great op 
fmall, are eafily defcritiea by the rules of thQ gno- 
monic projeftion of the fphere before delivered ; 
which, if the reader underftands, he needs no oth^r 
direftions. In thele fores, of Problems, I fhall 

' therefore be* as fhort as poffiblc, and deliver what 
I liave to fay in a general way, which may eafily 

'be applied to particular cafes. Here all things be- 
longing to the dial muft be fuppofed known, $s 

' the height; of the ftile, the place pf the lubftilp^ 
&c. 7'hea the parallels of the fun'§ declination 

* wll be found, by finding the dividing center of 
every hour circle ; by which the declination is to 
be fet off from the equinoftial, upon thefe feveral 

.hour circles, or the complement of the declinatiofl^ 

- from the pole, which is the center of the dial. 

Let PC be the fubftile, CF the ftile, and C the 48^ 
foot of it^ Draw. FO perbendicuhr to PF, and 6 

^ is a point of the -ecjuinoftial. Thro* O draw the 
equinodial QQ perpendicular t;o PO. Make the 
angles pFB and OFD equal to the declination of 
the parallel, north and fouth, as fuppofe 23^. 
Then B and D will be the points in the fubftile, 
thro' which the north and fouth tropics pafs; or 
the vertices of the twQ hyperbola's reprefenting tlje 
tropics. Then to find the points upon the othjer 
hbiir lines, as fuppofe on: Pi 1. * i?rem C the foot 

. ^ ihc ftile,. draw CGL perpendicular to the hour 

t 2 ^t 



,50 p I A J. JL I N G. 

Fig. line, and CH parallel to it, and equal to CF. 
48. Then fet GH from G to L, on either fide the hour 
line P 1 1, and L is the dividing center of P 1 1. Draw 
LE to the point where the hour line interfefts the 
equino&ial ; then make the angles ELM and ELN" 
equal to the declination of the parallel (23^) v and 
M and N will be two points where the fame two 
parallels pafs thro ; and by the like procefs, the 
' points in every hour line are found. Thejn two 
Curves (irawn thro' all thefe points, as RDS and 
VBX, yf\\} be the parallel^ required, one fouth, 
the ot)ipr nqrt^. And tfhus all the parajUels may 
l?e dray^o^, pr thofe at the beglnniflg qt cyeiy figo, 
having their deqlinations j^ven ; and bcin^ mark^ 
witli the figns of Arjes, Taurus, ^c. tjie fiiadow 
of the top erf" the ftjle F, yriU ftiew wl^en the fun 
, enters any pr thefe figns. 

In a horI;^9^i3ital> or a direft north pfibitth dial, 
having fpun4 the points 6s^ pi^p i^de th^ meridi^; 
' they may be fet off on the hour lii^es 09 the other 
' fide. And even in any declining jccUning dial, 
where the fubftile falls . upon fome hour line, the 
points on the hour lines, pn ooe C4?y may be f?t 
off upc^ th^ ho.ur lines equidifl:an^ ,9p .the oth^r 
Ade. ; 

The. pjpfefs 13 juft the faipe w^en tj^e dia} is a 
horizontal equinoftial dial, where the lipur lines 
are parallel ^ ;jnd the fame, in e^ft aijd weft dials. 

In hpr^ont^a^s under the poles, tiyeie parallels 
will be circles, lybofe center is the fopt pf the ftile, 
and radius of ajny one equal to the ^o-tangent pf 
the declinatiQij ; the height of the ftiie being 
radius. 

If ypu make ufe of a triangular ft/lp POT, yoiu 
muft cut a notch out of the edge at F, for the fun 
to fliine thro' ; which will do the fame as the &a- 
4ow of the jpoint F, Apd the point F, for the 

notcbj 
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notch, will be found by ercfting CF perpendicular tig. 
to the fubftUe Pa 48. 

Cor, I. H^c^ you may mark upon the dial^ the 
^time of fun rifing or funfetti^g^ or the Ungtb of the 
das/ J when the fun enters into a^ of tbejigns^ 

For if the horizontal line be drawn on your dial, 
the interfcftion thereof with any parallel of the 
fignsy will fbew ampng the hours, tne time of fuij 
rifing or fctting, which may be marked upon thefe 
ligns in the meridian, or on the fide of the dial^ 
or elfe the length of the day or night 5 that is en 
one fide of the equinoftial. And if a parallel be 
drawn to the horizontal line on the other fide of O, 
and at the fame diftance from Q, its iptq-f^ftion 
•with the pafallek of the figns will "ftiew the hours 
on the other fide of the equinoftial. But if the 
horizontal line does not put fome parallel circle, 
then the time of ftm rife muJl: Ipe calculated by 
fpherical t;rigonoipetry, Hating the declination cf 
that parallel given. 

' Cor. 2. ^nee th^ &^ng anHer Lrf my bam 
U»e P£, is d^ant^ from th^ &nter of ih$ dial P, $bi 
lenglb of tbt axis or fiik VS. Jkd ibis gives am 
eqfien me^ad cf' finding tbg diiiiding ce9^ of an boM0 
tins. Fof! aU tbefo cenim ^pill b€ in ibe qrratm^ 
ference of a circle deforibed frm» ¥ wUb ibi radius 
PF. ^ 

For PE is 60 degreesr sr angfc PLE % and PL* 
= PG* + g1? = PG* + GH* r: PG^ + GC* 
+ CH* = ?C* ^ CH* = f q* + CF* 3 HP*. 
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4$, P R O B. VI. 

, * To defcribe Jucb lines upan a didU as ivill Jbevtf 
the fifing. and fitting of the fun \ or the length of tb^ 

Tq do this, you muft find what declination the 
fun has when he rifes at 4, 5, 7, 8, &c. of th^ 
clock ; which is cafily done by right angled Iphe-- 
rical triangles, haying the afcenfional difference 

fivch ; or even by prcjeftipn. Then having thQ 
eclination of each hour, you muft defcribe fa 
iviany parallels for thefe feveral declinations, by 
the lail Prob, fuch as RDS, VBX, &c. which 
done, write upon each of them tho hour of fun 
rife, correfponding to that declination. Or you 
inay write the hour of fun rife on one fide, an4 
that of lun fet on the other fide of the dial ; and 
the length of the day, where each parallel cuts the 
meridian ; or after any other tnanncr, which you 
think proper. Where thofe above the equinoctial 
fcrve for the winter ; and thofe below for the fum-?- 
mer. * Then at any time, when the ihadow of the 
top of the gnomon. F, traces out any of thefe pa-^ 
rallels, you'll have by infpedion the time of fun 
rife, or the length of the day. 

Cor. Byt a like method. you may infirt m a dial any 
holfdaySi or remarkable days in the year. 

For you have no , more to do but defcribe the 
fun's parallels fdr thefe days, and write upon them 
rcfpeftively, the names of the days 5 and on thefe 
days the extremity of the ihadow will fall upop the 
refped^iye p^r^lels, 

PROB. 
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PROS. VIL - • 

^o d^ferike thi azmuibs and circles of altitude upon 
' ; atrf dial. 

The azimuths bdrrg great circles, are projcfted 40, 
into right lines-, and the parallels of altitude arc 
projeded into c6nic fedioh, by the gnomonic pro- 
]edtien of the fphere. In order to defcribe thefe, 
we muft have given us the place and heighjc of the 
ftile, the horizontal line,' the zenith, the dividing 
center of the horizon : but wc have all thefe from 
the conftruftion of the dial. And we muft have 
befides the dividing center of every azimuth, hf 
lifelp of which we miirfl fet oiBf the diftance of each 
parallel Upon it. 

' Let DE be a vertical line, AGB the horizontal 
line, CF the ftile, H the nadir, or rather the zcv 
nith, becaufe the ihadow is always oppofite to the 
futi % R the dividing center of thie horizontal line ; 
HI the tiieridaan or %i o'clock line. From the 
center R, ditide the horizontal line in parts of 10 
or 20 degrees, beginning at the meridian, that is, 
atRI; and through the points of divifion draw 
the azimuths Hi, H/, H;», Hn^ &c. from the 
izenith H. 

Then for drawing the parallels of altitude, we 
iiave F the dividing center of the azimuth DH, 
Therefore at F make the ingle GF^ eqyal to the 
diftance of the parallel above the horizon, fuppofe 
10 degrees, or HF<2 its zenith diftance ; and a wiU 
be the point thro* which the parallel is to pafs ; 
«nd thefe parallels muft be drawn below the hori- 
zon AB, as the (hadow is oppofite 'to the {\xcu. 
Then to find the point it muft pafs thro% in any 
lather azimuth Hf ; firft find the dividing center, 
tjius } draw Chr perpendicular to Hj, Set C^ 
v^ from 
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Figt from b to /, and extend from / to C, and fct that 
49- extent from b to r^ and r U the dividing center of 
tiq. Therefore at r make the angle ^J^ equal to 
the parallel's diftance from the horizon, or Hrd iu 
zenith diftance, and d is the point for the parallel 
to pafs thro'. Alio O was the dividing center of 
/the meridian HI. Therefore mkk^ the angle KD^ 
equal the parallel's diftance (iQ"")^ ap4 ^ if Hs poifip 
io the meridian. And the pointy being th^s found 
)fi all the azimuths, draw the curye xdaiy^ 3'7hich 
will be the parallel of altitude <^ i o d^grees^ And 
ji^henever the fhadow of the point F (^ thf ftile, 
touches that parallel xay^ the fun is la dfgree^ 
Ugh. And . thus all the parallels may ^ diawn, 
m every lo degrees diftance, up to the zenith. 

If the azimuths and parallels of altitude,, were 
to be defcribed on a horizontal dials then the ^zi-f 
ioratlis are right lines, drawn from the foot of the 
Aile C, making equal angles with one ftpoth^r. 
And the parallels of altitude are circles, and thf 
radius of any one is the tangent, of the 3^9ith (}if- 
taace, the ftile CF being radius, and C the penter. 
f'or heoe the zenith falls in C the foot of ,tbe ftile. 
}f die dial be aa cu£k on^, thet> th^ z^nkh ^ 
is at aa iniinke diftance; and .therefore 4Ji thf a:^ 
muths are parallel to one anot|ier, and pefi-pendir 
« cular to the horizon. And the horizontal: lii\^ goes 
ihrq' C tW fbs>t of the ftile i md the divi#ng pen- 
ters of the azimuths are all in the horizpnt^ ItAe i 
and the parallels of altitude will be hyperbola's. 

The azimuths are to be numbered fv^m la 
io'clock ; the weft azimuths towards thp eaft ; a^d 
the eaft towards thp weft. And if the tropics are 
defcribed in youf dial, you need only draw ik^k 
parxs of the azimuths as are contained between 
the tropics ; or between ^ the lower tropic ^nd the- 
horizontal line } kas the horizon cuts off all th^ fu? 



perfhious parts* 
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Gpr. flerc v)4 may tiff ^fi/frt^r imfi^fiffiiK /*^Fig* 
dividing c^ntp- r, of ai^ a^nifith,\ I^ke iJ^ffor di/^i- 49. 
ding the meridians j which holds fw *all gr$at citcUs % 
m^fipg in. a pointy ^ FJ* • ' 

Ab[b,ut yia deicrihe a fpyucif cle, pf f^ly^ z, finajl 
part tl^ereot b,eii^ r ; with tlje py^tvA IJF, |iul 
one foot in H, crofs it at r, for t\s^ P^^tor. 
. . For Hnq being a right s^igW, ijt ^s infcrihed in a 
femicircjp, who^ diameter is Hj j ^pd Hr is ^quijl 
to Hr/ whipb is pcovcd ^ ^fpr^s * Cor. ?. 
FrQ>.V> :\\ ' ;*-■ ' > : 

P R B. VHL 
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TV ^tvf^ /i»^ Balylani^ j^otfrs in ^ df/if. 

l^h^ Babylonian, hours are reckoned from fun 50; 
rifing tq Juii ri^pg, .^'d are a4 ?quaVhg«rs, ne^^y 
of thp liarne lepygth .^$ ^^9 co^raion J^qhf^j onjy 
ihey ace diflSbwdy numb§re^. ^ 

The way of defcribing tl^e^ hpyps is t^e facqe 
,far aU krt^ pf 4ia](s ^ 4? tf^at bfing ftieiyn for one, 
it will %ye for all. Ttierpfor^ in a foutii di^l^ l^t 
Fp hp jhe; p^rpcfidiqul^ar ftije, P the eentpn S>»w . 
FP perDjenxi^lar to FJP, tp cut the mendiaii Pli 
in Oy wirp* O ^^w tha equino^iai AP perp^di- 
cular to !^i2. Then find wh^ precife hou^ the 
/un rij^^ at, wl^^n i^e^e^^ either tropic y a9 fuppofe 
at 4 j^if lumnier, an^ .at ^ ^ winter; ai^d in the 
.eqyapc)r he rifes, in all j^la<:es, at 6 : thein find his 
declination, when he ri/es at (he^ times ; and by 
Prob. V", draw two paraHeis for that decfeatiOO, 
mm^ and »», on either fide the equinoftial. Draw 
alfo the two tropics cc^ and ddy which are only of 
ufe to terminate the hour lines, when drawn. 

Obferve all the points where the hour lines of 
the dial cut the fouth parallel mm 5 then fince the 
fiabylpn^an hours proceed from i to 24 j and 
in this parallel he rifes at Sj therefore write 

24 
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Fig. H ^^ ^^^' point of the parallel, where the eight 
CO. o'clock line pafTesj and write 1 at 9, z at 10, 3 
' ^t n, &c. 

Alfo note where the hour lines cut the equinod- 
tial AB ; and fince the fun then rifes at 6, call that 
^24; then 7 is i, and at 8 write 2, at 9 write 3^ 
at 10 write 4^ Sec 

Again obferve all the points where the hoqr 

4ines of the dial tut the northern parallel nn. And 

•fince here the fun rifes at 4,- call that 24* and 5 

call I, 6 call 2> 7 call 3, 8 call 4, 9 caU 5, or at 

9 write 5, at 10 write 6, at 1 1 write 7, at 12 
write 8, &c. for the Babylonian hours. 

This done,' you have nothing tp do but draw 

lines thro' thefe points wher^ the Bgures are the 

/ Tame, as 22, 33, 44» 555y 666, 777, 888, 999, 

10 10, &c. and thefe are the Babylonilh hours; 
^htch are right lines, becaufe they reprefent great 
circles of the fphere 3 as will be evident at ught, 

-by lobking on a globe. 

- We niay obferve, if the. horizontal line was 
drawn thro' the foot of the ftile G, it would pafs 
•thro* tlie interf0£tion of the parallel tnm^ with the 

- 9 o'clock line \ becaufe the fun rifes at 8 ; and 
alfo thro* its intetieftion with the 4 o'clock line, 

' becaufe it fets at 4. 

All this being done, then at any time when the 

fun fliines, the top F of the ftile, will fhew the Ba- 
-' bylonian h6ur 0/ the day, among the Babylonian 

hours ; as well as the ^ue hour, among the hour 

lines of the dial. 
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Fig- 
P R O B, IX. 

31? difcrihe the Italian boun upon a Hat. 

The ItaiUan baurs begin at fun fct, and arc num- So- 
bered to 24 at fun fet next day; they are eqifat 
hours, nearly the fame as common hours. . Thcfe 
hours arc drawn the fame way from fun fet, a^ the 
Babylonian hours were drawn from fun fife. 

Having defcribed upon your dial, the equinoc- 
tial line AB, the two tropics, cc and dd^ and the 
two parallels mm^ nn^ for the fun's fetting at 4 and 
8 o'clock 5 obferve where the fouthern parallel mm 
cuts the 4 o'clock hour line, and mark it 24. Alfo 
obfcrve where the other hour lines cut it, and 
write 23 at 3,. 22 at 2, 21 at i, &c, 

Alfo obferve where the hour lines cut the equi- 
noftial, 5»nd reckon 6 (in the evening) 24, then 5" 
is 23, and at 4 write 22, at 3 write 21, at 2 write 
20, &c. 

And obferve where the northern parallel nn is 
cut by the hour lines, and call 8 (at night) 24, 
and 7 call 23, 6 call 22, 5 call 21,4 call 20, 3 
call 1 9, or at 3 write 1 9, at 2 write 18, at i write 
17, &c.* Then lines drawn thro' the points with 
the fame numbers, will be the hour lines v as 14 
i4» ^5 15 '5» 16 16 16, &c. Then when the 
fun ihines, the end of the ftile F will (hew. the 
Italian or common hours, among their refpedlive 
hour lines. 

« Cor. If botb tbe Bakflonian and Italian hours were 
defcribed upon 0ne dialy tbe hour lines of botb^ will 
. interfeS in' tbe parallel circles j where the fun rifes at' 
4> 5> 6» 7» 8, o^clock^ and their half hours. Or 
wherein the day is 8, 9, 10, iSc, to \6 hours long. . 
For it is evident they interfeft in the parallels 
i»fflj and nn^ and for the fame reafon the other in-* 

terfeftion^ 
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Fig. terfeffions would fall in fome other parallels. Sup- 
51. pofe a Baby Ionian hottr ^awii frorti 16 to 20, it 
will crofs a Italian hour liMs, in its way; and fa 
there will dc 3 parallels between 6 and 8 o'clock^ 
or between- ^ and 6 -, that is, one for every half 
hour. And they will anfwer refpeftively to thefe 
half hours, becaufe the para&els mm^ nn^ anfwer to 
the whole hours 4 and 8, ^ Therefore they ihew 
lun rife or fun fet, e^ery half hour ^ or if you ^ 
will, the length of the day, in whole hours, by 
doubling the time of fun fct. 

P R O tL X. 

^0 draw the Jc'wifh hours in a dial. 

The Jewifh hours^ otherwife called the cldy un- 
equal^ ptanitary boursy are reckoned from fun rife ^ 
and the day from fun rife to fun fet, is fuppofed to 
be divided into 12 equal parts or hours ; and 
therefore thefe hours in any one day will be equal 
to one another, but not equal to the hours of ano* 
ther day. For when the days are long, as in fummer, 
the hours wifl be long ; but in winter, when the 
days are fhort, the hours are alfo Ihort. The 
nights are alfo fuppofed to be divided into 12 
hours ; but thefe hours are longeft in winter, and 
fliorteft in fummer. But the hours of the dcy are 
never equal to the hours of the night, but at the 
equinoxes -, and then the J^wifii Hours are equal to 
the common hours. 
t2. Let P be the center of the dial, CF the perpen- 
dicular ftile •, EQ^ the equinoftial, which is fup- 
pofed to be drawn ; if not, . draw FA per|)endicu- 
iar to PF, and thro* A, draw the equinodial EQ 
perpendicular to the fubftile PA. . S6t AF from 
A to D, fo is D the dividing center of the equi- 
noctial. 

Find 
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Find the dcclirtatidn of the fun, when he rifesjrig. 
at fome even hour after 6 in fumrtief ; artd as much r^. 
before 6 in winter ; as fuppofe at 4 in fuiiimer, 
and S in winter. Draw two parallels to the equi- 
noctial, on each fide, fdr that declination, as mm 
and m. Then when the fun is in the north pa- 
rallel »», the day is 1 6 hours long, which anfwers to 
240 degrees, which divided into twelve parts, gives 
20 degrees to a Jewifli hour at that tiniie. Therefore 
■with the center D, defcribe the circle SAW, which 
divide into parts of 20 degrees each, beginning at 
the line DN, where the 1 2 o'clock line cuts the 
equinoftial, for our i z o'clock is the fame as the 
Jewilh 6th hour. Draw lines from D thro' all thde 
points, to cut the equinoftial -, ind thro' the points 
m the equinodial draw lines from P, to cut the 
parallel nn in the points wherfe the hour lines pafs. 
Then mark thcfe points on the parallel thus, write* 
6 at the 1 2 o'clock line, and to the other points, 
towards, the weft 5, 4, 3, 2, i ; and towards the 
eaft 7, 8, 9, 10, ir, 12. 

Again, when the fuil is in the parallel /»/», the 
day is but 8 hours long, which anfwers to 120 de- 
grees, and that divided by 12, gives 10 degrees t6 
a Jewilh hour. Therefore from the fame center D 
defcribe another circle ; or rather, from a center as 
far on the other fide of the equinoiSlial EQ, de- 
fcribe a circle, which divide into parts of 1 o de- 
grees each, beginning at the-intcrfeftion of the 12 
o'clock, and the equinoctial as before ; and draw 
lines from the center thro* thefc *points to cut the 
equinoftial ; and from P, thro* thefe points in the 
cquinoftial line, to cut the parallel ^w, in points 
for the hour lines. Or you may perform the fame 
thing, with the other femicircle SdVf oppofite to 
SAW ; for drawing the line NDr, begin at r, to 
divide the femicircle into equal parts of 10 degrees ; 
ffota whith draw lines thro' D, to cqt the equi- 

noftial V 
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Fig. no6liaI •,* to which points in the equinoftial draW 
52. lines from P, to cut the parallel mm in points fot . 
the hoursL. Then mark the point in the 1 2 o'clock 
line with 6, and the other points towards the weft,. 
5f 4> 3» 2, I i and towards the eaft, 7, 8, 9^ 10,. | 

II, 12; or as mai!y of them as are wanted. . 1 

Alfo upon* the equinoctial at 12 write 6, at li , ' 
write 5, at 10 write 4, &c. and at t write 7, at 2 
write 8, at 3 write 9, and fo on. Then drawing.* 
lines thro* all the three points that have the fame . 
figures, thefe will be the hour lines for the jewifti , 
hours i which will be nearly ftreight lines. Bur . 
if you would be more exad, take two more pa- [ f 

ralleis between thefe and the equino£i;iaI» and find 
the points for the hours as before. * * 

Note, the two tropics ought to be drawn fot j 

terminating thefe hour lines ; but here is not room 
in this fmall fchcme to draw, all the lines required. 

Otberwife thus. 

The Jewidi hours may alfo be defcribed fey help 
of the common hours, already drawn upon the 
dial. For fince in the parallel mm^ a Jewifh hour 
is y a common hour ; and in the parallel ntiy 4 ^ 
common hour. Therefore dividing every houf 
into 3 parts, fet off from 1 2, in the parallel mm^, 
firft x, then i-f, then 2, then 2y, then 3y» ^^^^ \ 

4 hours both ways ; and mark the points. Then oa 
the parallel nn^ fet off alfo from 12 both ways ;, 

It9 2t9 4) 5t9 ^T* ^^^ S hours, and mark the. 
points. Then. drawing lines thro* the correfpon-* 
dent points, and thro' the points of the common^ 
hour lines, on the equinoftial ; and thefe are th^ 
hour lines required, and muft be numbered as be-^ 
fore direfted. 
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I ^0 draw meridian lines in a dialj to Jhew when it 

is noon at an^ particular places nn the earth. 

The meridian of any place is eafily drawn in a 
dial, if you know the longitude of that place, 
reckoning from yours, either eait or weft. For 
allowing 15 degrees to an hour; by reducing the 
longitude to time % you will find what hour and 
niinute it correfponds with. Therefore reckon fo 
many hours and minutes from 1 2, upon your dial ; 
towards the weft, if the place lies eaft ; or towards 
the eaft, if weft ; and thro' that point draw a line 
Yrom the center. Then when the fhadow falls up- 
on that line, the fun is in the meridian of the faid 
place. Or having the difference of longitude, or 
the hour arch, you'll find the hour angle, by the 
common proportion in dialling. 

Suppofe ^tf^^r, whofe longitude from London 5 jj 
is 82^ weft 5 which is now 5f hours. Therefore 
thro* 5i hours, draw a Jine from P, and you have 
the meridian of Quebec. And the like for Other 
places, as you fee in the figure. 

Many other things of like fort might be in- 
scribed upon dials, as the circles of the 12 fcceleC- 
tial houfes, and curves ihewing what fign afccnds 
or defcends ; curves (hewing the latitude of parti- 
cular places, or when the lun is vertical at fuch 
places, &c. But as thefe things are of little confe-* 
quence here, I fball fpend no more f^aper about 
them- 

Scholium. 

Some people may defire to know, how a dial 
plane is to be painted -, for if it be made of wood. 
It will not endure the weather without painting. 
The ground or firft painting, muft be with Spanim 

M brown,^ 
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Fig. brown, and the laft \rith white lead ; and are to 
be ground with linfeed oil boiled. To grind any 
colour, put only a little oil to it at- firft, after it 
have been ground fometime without ; then grind 
the colour and oil together, adding oil by degrees, 
to make it like an ointment, and thinner ftill as 
. you grind the longer. It will be apt to wbrk ofF 
the (tone, if you do not fometimes fcrape it toge- 
ther with a wooden knife or lat. Your plane muft 
be coloured feveral times over, to abide the wea- 
ther, letting it dry between the times. 
1 8, For glueing the joints together, boil your glue 
in blue or old milk ; boil the milk firft, and take 
off all the fcum, before you put in your glue. 
This holds better than glue boiled in water. 

As fome people may want to know the latitude 
and longitude of fome remarkable places, I fhall 
therefore annex the following table. 
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A Table of the Latitude and Longitude of Places ; 
the Longitude reckoned from London. Thofe place* 
that are m South Latitude, are particularly marked 
with S ; and thofe in Weft Longitude, with W . 



A. 

Aberdeen 

Agra 

Aleppo 

Alexandria 

Algiers . 

Amfterdam 

Arda (Ardra) 

B. 
Bagdat 
Beffaft 
Belgrade 
Bergen 
Berlin 
Berwick 
Bofton(America) 

Breflaw 
Briftol 

C. 
Cadiz (Gales) 
Cairo (grand) 
Cambaia 
Cambridge 
Canterbury 
Cardigan 
Carlifle 
Chambala 
Charles-town 
Chaxumo 
Chefter 
Chichefter 
Coca 

Condantiople 
Copenhagen 
Cork 
Coventry 
Cracow 

D. 
Dantzick 
Darlington 



Lat. 



36 

36 

52 

5 

33 

54 

45 
60 

52 

50 
42 

5« 
51 



20 
29 
12 

39 

50 
20 

S 



Long. 



79 
37 
31 
3 
4 
4 



50W 

12 

40 

15 

27 

30 
10 



26 

3^ 
10 

5 
30 

tt 

20 
28 



43 
6 

21 

6 

H 
'I 



36 
30 
23 

52 

51 

52 

55 

57 

32 

>5 

53 

50 

41 

4« 

55 

5» 

52 

53 
54 



3<> 

»5 

30 

16 
16 
12 

o 

o 

30 

o 

15 

5^ 

29 

29 
40 

45 
29 

o 

38 
3" 



6 

3« 

72 
o 



40 
15W 
20 
21 
.10 
40W 
4W 

56 
30W 

40W 

12 

21 

o 

15 

32W 

40W 
139 o 

79 loW 
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ERRATUM, Dialling. 

Page^, line 15, read, //?f, his rays. 
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